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ON THE SHOOT MORPHOLOGY OF 

LIMNANTEMIUM, 

J. R R. d’ALMEiDA, B.A., B.Sc. (Hons). 

St, Xavier^s Collegey Bojiilay, 

Goebel (3) was the first to elucidate the shoot morphology of 
LminantJwnum. He studied L, indicum Bixxd other species from 
this point of view. Besides this contribution and a general de- 
.scriptive paper dealing with the development, branching) etc., of 
L, nymphaeoides Hoffm. and Link by Wagner (5), there seems to 
be comparatively very little work done on this most interesting 
aquatic genus. Only a very inadequate notion of the morphological 
nature of the parts can be gained from the .Morasj as the subtler 
details of morphology are not discussed therein. 

The following account of the two Indian species, L, cristatimi 
Griseb. and L, indicum Thwaites, by adding further details, em- 
phasises the interpretations of the parts given by Goebel (3) and 
attempts to throw light on points of morphological interest which 
have either not been satisfactorily explained by previous writers or 
have escaped their attention. 

L. cristatum. 

The rhizome of L. Gristatum (Figs. 1 and 2, Rh) is erect or slightly 
oblique. It bears a number of leaves (Fig. 2, L), peticle-like branches 
which we propose to call stolons (St) and roots (Rt). In some 
plants (Fig, l) the part of the rhizome formed during the previous 
season (Rhl)— now marked with the scars (Sc) of old stolons and 
bearing some old roots (Rtl)-^may still be found attached to the base 
of the portion of the rhizome (Rh) formed during the current season. 
The leaves that appear first on the rhizome are of the ordinary 
fioatmg type characteristic of Nymphaeas consisting of orbicular, 
deeply cordate blades borne peltately on petioles which vary in length 
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wiUi the depth of the water (Fig. 2, L). The petiole is slightly com- 
pressed at the base, where it bears a pair of thin membranous, adnate 
stipules (S). As we proceed upwards on the rhizome these floating 
leaves show a gradual transition to membranous scales^ The latter 
are derived from the former by a process of reductioh in which 
the petiole becomes flattened out and the blade dwindles down in 
size and changes in shape, becoming spathulate (Ll), lanceolate, and 
finally disappearing altogether leaving the flattened petiole and 
midrib in the form of a subulate membranous scale-leaf (L2). These 
leaves Goebel (3) calls Niederhlatter (under-leaves). The iong« 
petioled floating leaves of the rhizome bear no branches in their axils 
but the scale-leaves which later on appear instead of thorn higher up 
the rhizome have each in their axil a branch, the stolon, very much 
resembling the petiole of the floating leaf described above except for 
the absence of stipules. Each stolon bears at the surface of the 
water a short petioled floating leaf (Figs. 1, 2 and 3, L3) and an inflores- 
cence (Figs. 1, 2, and 3, If). Between those two is an abbreviated 
stem (Figs. 2 and 3 AS) which arises as a bud (vegetativer Spross.) 
This abbreviated stem resembles the parent rhizome and repeats the 
production of stolons (Fig* 3, Sbl) in the axils of scale-leaves (LI). 
From the abbreviated stem may hang down into the water a few- 
stout roots (R) of a green colour which are usually branched. Each 
stolon borne on the abbreviated stem in turn bears a short-petioled 
floating leaf, an inflorescence, and an abbreviated stem Tike the 
parent-stolon and in this way the branching may go on indefinitely 
(Fig. 3). 

It was at first supposed that the long stalk given off from the 
rhizome (which we have here called stolon), since it bore both lamina 
and flowers, was a petiole, and that the flowers were borne laterally 
from it. Such a view was entertained by Grisebach (4), Eiohler (2) 
and others. Goebel (3) has shown this interpretation of the parts to 
be erroneous, that the leaf though occupying a terminal position is In 
reality a lateral organ, whilst the inflorescence is terminal and that in 
the course of development the leaf has pushed the growing point to 
one side and comes to occupy a terminal position. This being the 
case, the abbreviated stem which grows out of a bud between the leaf 
and the inflorescence is teally an axillary branch and the branching 
of the plant is to be looked upon as a mixed cyme. The petiole (p) 
of the floating leaf which is only about *5-3 cm. long has a sheathing 
base which together with its stipular appendages envelopes and 
protects the inflorescence when young and persists as a collar round 
ills base after it has expanded. This collar is very conspicuous in 
Zf hidiciifiv (Figs. 5 and 6 Sh). The inflorescence is not cymose as 
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has been described in the case of L. nympliaeoides by ‘Wagner (5) and 
in the case of other species by Goebel (3). Neither in L, cristatim 
nor in L» indicum is there a terminal flower* The inflorescence in 
both these plants is of the racemose type and may be described as 
a corymb with a very short main axis. The individual flowers spring 
from the axils cf small membranous scale-like bracts (Figs. 3 and 6 
Br). They are borne on long pedicels and expand one at a time in 
acropetal succession. 

L. indicutn. 

Ly mdicicm is a much larger plant, with larger leaves (up to 30 
cm. or more in diameter) and stouter stolons. The rhizome is much 
thicker and the stolons spring in the axils of membranous* scales as do 
those of L, crisiatum» The roots borne by the abbreviated stems are 
xiot, however, green like those of the latter plant. 

From the specimens examined the writer is unable to say 
whether there are any long-petioled floating leaves in I/, indicum 
like those which first appear on the rhizome of L. crhtaUm, Goebel 
(3) has suspected the existence of such leaves in younger plants which 
he has not had the opportunity to investigate. The presumption, on 
the whole, seems to be in favour of their occurrence in younger plants, 
and this presumption is confirmed by the fact that the abbreviated 
stem (borne on the stolon) which is to be looked upon as the 
morphological equivalent of the rhizome has in addition to the ordi- 
nary subulate scale-leaves (LI) one or more scale-leaves (Figs. 5 and 
6 L2) which possess a type of floating lamina (f) which is clearly an 
approach to the peltate floating lamina borne on a long petiole. 

Goebel (3) considers that the peculiar habit of the plant, in 
having both the flowers and the foliage leaf on one and the same 
stalk, confers a definite biological advantage. In the first place the 
broad swimming leaf lying on the surface of the water gives the 
inflorescence the requisite support and enables it to raise its flowers 
well above the water-surface so as to attract insects. In addition to 
this the stolon forms a substitute for both the elongated petiole and 
peduncle of the water-lilies, so that the materials assimilated in the 
floating leaf-blade find their way by the shortest route to the ripening 
fruit instead of, an in Nymphaea, having to descend to the rhizome 
dowi^the petiole and then to ascend again a similar distance up the 
peduncle. “But/’ as Goebel suggests, “ such an arrangement as 
met with in Limnanihm'iim would have less value in the case 
of water-lilies, because the Nymphacaceae store so much food in their 
rhizome that lshe ripening of the fruft is not dependent upon the 
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procluets of contemporaneoiis assimilation ” (3), Accorcling to Arber 
(i) it woiild be “utterly nnnafe to suppose that the morphological 
differences between the water-lilies and Lmnanthemum Me to be 
explained on such simple adaptational lines, though it is obvious, from 
the success which both families achieve that their respective types of 
construction must be well suited to aquatic life.” To the present 
writer’s mind the totally different structure of these two genera of 
water plants is to be attributed to their having sprung from pbylo-' 
genetically distinct stocks whose original construction was so different 
from each other that, when they took to the water, each evolved 
along the lines laid down in its original structure and produced types 
whiohf though differing widely from each other, were equally suited to 
live in water, in other words to achieve the same object, in two 
different ways. 

We have seen above that the floating leaves first borne by .the 
rhizome have no stolons in their axils, but that the upper scaledeaves 
bear each in their axils a stolon from which springs laterally a large 
floating leaf. It appears that the occurrence of the latter renders the 
possession of lamioae by the radical leaves which subtend the stolons 
superfluous. These leaves consequently undergo reduction to mere 
scales. 

The most conspicuous feature of the two species of Limnanihe-' 
mum just described is the repeated branching by means of vegetative 
buds which become abbreviated stems as seen in Figs. 3 and 5. This 
branching is carried on on all sides without stint. Thereby the plant 
is able to explore the surrounding expanse of water so as to cover 
the surface with a close mosaic of leaves which not only secures 
for the plant the best illumination but also effectually checks the 
growth of competitors. The development of adventitious roots in 
connection wifeh each abbreviated stem provides an efficient means of 
vegetative multiplication, since by means of these roots each abbre- 
viated stem is clearly able to feed itself and live an independent life 
in case it should become separated off from the rest of the plant (e.g. 
by the decay or breaking up of the connecting shoot or stolon). In 
this connection it may be mentioned that Limncmtheimm is very ten- 
acious of life. Pieces of the lamina of L, cristairic7n are capable of 
producing new plants (Fig. 4) and detached flowers of L. indicim may 
bear adventitious roots. 

In conclusion it will not be out of place to observe that in 
Limnanthemum we have a type of water-plant which is intermediate 
in habit between the Numphaea type which is rooted in the mud and 
the floating type whoso roots do not penetrate the soil but hang freely 
in the water. The habit and mode of growth of Limmnthemiim 
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stiggest ihe lines along which floabing plants have evolved from a type 
of plaht originally rooted in the mnd which like Limnantltemim were 
capable of producing, at the ends of branches that floated up to the 
surface of the water, plantlets which could live inclependeiitly when 
detached. 

Explanation of Figures. 

Pig, L Lirnmnihommi crktatim Gicisoh. Plant with rhi^^ome, stolons 
and roots. Bh. rhiziome of the present season; Bhl, 
rhizome of the previous season ; St.^ stolon; Sc, scars on 
the portion of the rhizome formed during the previous 
season; Et, roots borne on the part of the rhi;^om 0 of the 
present season ; Btl, roots of the portion of the rhi^some 
of the previous season, If, inflorescence ; L8, blade of the 
short-potioled leaf ; p, petiole. 

Pig. 2. A plant of L, Qriseb. showing the transition from 

long-petioled floating leaves (L) to scale-leaves {L2) in the 
axils of which the stolons (St) arise. Si stipule of the 
long-petioled leaf ; Sh, stipule of the short-petioled floating 
leaf (X5) forming a collar round the inflorescence (//) ; 
P, petiole of short-netioled floating leaf; ^48, abbreviated 
stem which arises as an axillary bud between the inflo-* 
rescence and the leaf. 

Pig, 3. Upper portion of the shoot of Y. criUatum Griseb. to show the 
branching, stolon borne on the rhi^jome ; If, inflores^ 
cence ; hr, bract; LB, short-petioled floating leaf; P, its 
petiole; L4', scale leaves on the abbreviated stem (AS) in 
the axils of which stolons (Stl) arise ; B, roots borne on 
the abbreviated stem. 

Pig. 4. Pragment of the leaf-blade of L, cristatum Griseb. which has 
produced a new plant. 1, 3, 4 are the leaves in order 

of succession ; B, roots. 

Pig. 5. Upper portion of the shoot of Limnanthomim indictom 
Thwaites to show the branching. St, Stl, St2, stolons 
borne respectively on the rhizome and the successive 
abbreviated stems ; L, leaf-blade of the short-petioled leaf, 
P, its petiole ; If, Ifl, If2; Inflorescences on the successive ; 
stolons ; B, roots coming off from the abbreviated stem; Ll, 
Scale-leaf (subulate) on the abbreviated stem ; 1/2, leaves 
on the abbreviated stem with floating laminae (/), 

Pig, 6. Portion of the shoot of P. Thwaites at the level of 

the inflorescence borne on the stolon springing from the 
rhizome. St, stolon; I/, inflorescence; Br, bracts; P^ 
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petiole of fehe short-petioled floating leaves ; jS/j; collar 
round the inflorescence formed by the sheathing base and 
stipular appendages of the short-petioled floating leaf. 
B, roots coming off from the base of the abbreviated stem ; 
LI md subulate scale-leaves and leaf with floating 
lamina {/) borne on the abbreviated stem ; SU., stolon 
borne on the abbreviated stem. 
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THE ORIGINAL HOME OF SANT ALUM ALBUM him. 
By 0. E. 0. Tischee. 

In K. 0 W Bulletiin 1927 p. 193 Messrs. T. A. Sprague and Y. S. 
Summerhayes have discussed tihe distribution of certain genera of the 
Santalaceae in Malaysia and Polynesia and have ^re-established the 
genera Euoarya and Mida, A diagram (p. 199j shows the peculiar 
distribution of the genus Santalwm which, with the exception of a 
small overlap with Eacarya in the south- etast of Australia, occupies a 
quite distinct habitat from that of the other two genera. The area 
occupied by Si^itahm, with about 15 described species, (excluding those 
now attributed to Eucarya and Mida), lies in North and South-East 
Australia, New Guinea and a number of the Pacific Islands as far 
north as the Hawaian Isles. One species only, Santakmialbmn Binn., 
occurs right outside this general habitat, being found only in Southern 
India and in a group of Malayan islands including the eastern part of 
Java and some others centering round Timor. It would seem, therefore, 
that the focus of the genus Santahmi must be somewhere in the west 
central portion of the Pacific Islands (especially considering that the 
Hawaian Isles are the richest in genera, about 10), and that Santahm 
is a western outlier. 

But the spread of Santahmi album itself is also extraordinary 
since it is found in a limited area of South India and also in a limited 
tract of the Malay Archipelago and nowhere else, the two localities 
being separated by a distance of about 2500 miles. 

At the date it is impossible to give a reply to the question: 
‘'What is the actual area in Southern India iu which Santahmi alhxim 
is indigenous?’’; it would be best answered by the further question ; 

Is Santahmi album really indigenous in India ? ” 

When Buchanan-Hamilton made his tour through Mysore, 
Kanara, Malabar and Coimbatore in 1800 he found sandal restricted to 
a very much smaller area than it now occupies, viz., mainly in the 
eastern and drier part of Mysore with an outlier in western Salem 
and hardly any in western Mysore or Coorg. Now its limits have 
been very greatly extended, especially in the present oeatury by 
artificial as well as natural (birds) means. 

These facts led to the further investigation of the problem when 
it was ascertained that in the middle of the XVIth. century accord- 
ing to the authors Garcia and Acosta, practically alL if not indeed ail, 
thf sandalwood exported from Calicut both inland and outward^ 
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had been firsli bronghij by sea from Timor and the adjoiniDg islands 
by Ohinese merchants of whom there was a colony in that neighbour- 
hood. Now if Santalum album is truly indigenous in India how are 
these facts to be accounted for*? They are very simply explained if 
one assumes that the species is not really indigenous in India but 
was introduced from Timor at some time in the XVIth century or 
earlier and that after a preliminary period of acclimatisation it throve 
in a way comparable to Lantana Gamara Linn, or Opiiniia DiUenii 
DO., both of which are now pests in the same or adjoining tracts to 
those occupied by sandal. From the commercial standpoint the 
situation would be parallel to that of Sevea brasilwisis MuelL-Arg, 
the Para rubber. 

It would be of very great interest if readers of this journal were 
to bring forward some definite information from authentic sources, 
either in support or disproof of this hypothesis. I would, however, 
point out that evidence of usage of sandalwood in remote epochs in 
India is of no material value since that is not disputed ; indeed, wa 
know that 2000 years before the XVIth century sandalwood was 
known in Palestine where no one presumes it to have ever been grown. 
What is required is indisputable evidence that sandal grew indige- 
nously in India before that period and at a date prior to the trading by 
Ohinese adventurers along the coasts of India. In this connexion it 
must be noted that in the old days (certainly up to the XVIth. 
century) there was considerable confusion between the white and 
yellow sandalwoods (true Santalum) on the one baud and red sandal- 
wood (Redsanders, Pterooarpus santalimis Linn f .) on the other. 

Any one desiriug further particulars is advised to read the article 
in the Kew Bulletin referred to at the bead of this note. 

The Herbabium Kew, 

9th, NoDemhe}\ 1997 • 



A NEW SPECIES OF PETALOPHTL'LUM',- 
PETALOPHILL UM INDIQUM Kashxap- - ' 

By Shiv Eam^ Kashtap,, 

Government ColUg^^i Lahore. 

Two species* of the genus Peldlophylhm hmQ been described by 
Stepbani in his Species Hepaticarum- None has so far been found in 
India. The presenii note describes a new species found on the bank 
of the river Bavi in Lahore. 

Plants simple or furcate, growing singly or in patches of 3 or 
4, up to 12 mm. long and 7 mm. broad. Basal portion cylindrical 
and wingless. Wing many-layered at the base, gradually becoming 
one-layered, wavy along the margin. Lamellae one cell thick and 15 
to 24 cells high, running outwards and forwards, not always parailel. 
Dioecious. Antheridia in groups behind the apes, protected by scatter- 
ed scales. Archegonia in groups of 4-7 on the midrib, protected by a 
bell-shaped perianth with a lacerated margin, often with 2 or 3 splits 
along the whole length. Sporogonia 1-4, usually one in each 
perianth. Pedicel usually 10 to 20 mm. long sometimes very short, 
occasionally up to 25 mm. Capsule 2 mm. in diameter, spherical, 
dark brown. Capsule wall usually 3-layered ; cells of outer layer thin- 
walled, with thick radial walls sometimes ; those of the inner layers 
with thick annular or sometimes semhannular bands, Spores dark 
brown, about 40/^ in diameter, spherical with a membranous wavy 
margin, reticulate-lamellate, 3-4 reticulations in the diameter; reti* 
culations pentagonal or hexagonal, 8-10/^, marginal wing 14 to 17//.. 
Elaters fcrispiral, lightly coloured except the spiral bands which are 
very distinct brown and lax, 280-400/-^ long, 8-10//. broad, simple or 
occasionally branched, attenuated towards both ends. A few elaters 
are short and broad, about 16//. broad. 

At the end of the season the apex becomes thickened, forming a 
tuber, and becomes buried underground. 

Pound by Pt. Bhagat Bam Vasisht, M. Sc., for tba first time in 
November 1925, on the banks of the river Bavi at Lahore. The 
plant grows in winter. 

Explanation of figures 1—5 

1. A male plant with a few antheridia. Note the apical tuber. 

2. A female plant with the perianth. 

3. A perianth with a ripe sporogonium, 

4. Two spores. 

5. An elater. 

* Read before the Botany Section of the Indian Science Congress 
Calcutta, January, 1928. 



Kashyap i Petaiophyllum, 
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AKINETES IN A SPECIES OF OBDOGONIUM. 

M. E. Handa, M. so, 

U7ii'oersily College, Bangoon. 

"Dtiring October 19^7 the writer collected algae in Tatinggyi 
(4675 ft. above sea-level) and other places in the Southern Shan States 
of Burma. An account of the algae from the above-mentioned 
stations will be published later. Here reference will only be me de 
to an unusual occurrence— the presence of akinetes or resting spores 
ill a species of Oedogonhm, The occurrence of such resting spores in 
this genus, so far as the writer is aware, has only been recorded by 
Wiile in a paper ^ unfortunately not accessible in Bangoon. 

The examination, though devoid of sexual organs, 

can be referred to the genus Oedogonium by virtue of the possession of 
the characteristic *Vcap-ce]ls.’^ The plants were growing interming- 
led with other algal associates in a shallow body of water replenished 
occasionally by the drainage from adjacent higher land, The number 
of akinetes present in a cell varied from one to two (Figs. 1 — 3). 
In shape, they were either roundish (Fig. 2) or broadly ellipsoidal 
(Fig, 3), and possessed a doubl-e eoat.^ ’ ... , 

The yegetative cells were 35-41 thick, 77-200 long; akinetes 
27-41/^ thick, 41»66 .m long»but, when roundish, 39-41/it in diameter. 

In the present state of our.knowledge, the factors governing the 
formation of resting spores in the genus Oedogonium cannot be stated 
with any exactitude. From the nature of the case under considera- 
tion, it is probable that a high altitude with its accompanying low 
temperature may influence their production. Further observations 
’ are needed oh this and other factors. ’ " • • 

In conclusion I offer my thanks to. Dr. S. L. Ghose for his help 
and suggestions. I have also much pleasure in- acknowledging rhy 
indebtedness to the University of E'angoon for financial asSstance. " 


^ Bot. CentralbL XTl, 1883, p. 21'?: quoted by West and Fritsoh (1927): 
A Treatise on the British Freshwater A”^gae. Cambridge* ' . .. 
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Explanation of Figures 1—4. 


Fig. 1. Portion of Vci&Wm cl Oedogonium sp. showing akinetes occur 
ring singly. 

Kg. 2. Two rounded aMnefces in a cell. 

Kg. 3. Two broadly-elliptioal akinetes in a cell. 

Fig. 4. Showing both akinetes and cap-cells. 

Eaxgooh, 

2nd January, 1928. 



STUDIES IN GROWTH, SENESCENCE 
AND REJUVENESCENCE IN PLANTS 

1. A COMPARATIVE STUDY OF THE RESPIRATORY 
INDEX, WATER-CONTENT AND THE RATE OF 
HEALING OF MECHANICAL WOUNDS IN 

HIBISCUS ESOULENTUS 


By Bhola Nath Singh, D.Sc., 

Assistant Professor of Plant Physiology ^ Benares Hindu Uftimtsity^ 
[With one figure in the text.] 


In the course of some work on the respiration of the meriatematic 
tissues of crop plants, it was noticed by the author while working as a 
student under Professor Inamdar that the values of respiration began to 
fall down sooner or later with the age of the plants If respiration 
of this tissue can be considered an index of the general activity of 
the protoplasm in the plant at different stages of its growth, it was 
thought a matter of great interest to observe if other physioiogical 
processes such as the power of healing of mechanical wounds by the 
formation of callus are also similarly affected with the growth stages 


of the plant. The results obtained in this connection seem to throw 
interesting light on the phenomenon of growth and senescence in 
plants. 

The researches of Massart^ and Simon® have already shown 
that the power of formation of callus in the wounded region disappears 
early in some cases and late in others, the disappearance being 
particularly rapid in the cells of the root cortex. Prom the available 
literature it appears that no observations have yet been recorded 
where the rate of callus formation has been studied in the corres** 
ponding regions of the plant at different stages of its life-history. 

The following observations were oia Hihisous esciiUntus 

germinated on the same date and ^ grown under field conditions. 


Wounding was effected by carefully removing, as far as possible, the 
epidermal layer of the stem at two places on th© stem, one just below 
the apical growing region and the other in the middle of the stem 
length, in order to get a comparison of the variations in the relative 
time of healing (callus formation) in the stem portions of different age 
and developmental stage. This procedure wa s repeated at intervals 

^ Singh, B.N., ‘ D.So. thesis ’ Benares Hindu ITnivArcitv le*)? j 

results to be described elsewhere subsequently). See also Kidd 
Briggs ‘Proc. Roy. Soo. ’ B. Vol. xoii, 1921 and c/ Inamdar SWlf 1 
Pande. -Ann. Bot.-,Vol.xxxii, 1925 . Inamdar, Singh, and 

“Massart, * Mfemoires Aoad. Bruxelles 57,' 189s (PSaa Pi<,r,+ v>u 
Biology, Ing. Ed. 1907). , ® 

® Simon, ? Jahrb. f. wisa. Bot’ 16, 137, 1994. . , 


18 the JOUENAL OE the INDIAN BOTANIOAL SOOIBTy. 

throughout the ontogeny of the plants. The time taken for the heal- 
ing of the wound by the formation of callus was thus carefully noted 
in each case at two regions on the stem during successive stages 

of growth. 

A reference to the following table will indicate in the first in- 
stance that the rate of cicatrization goes on decreasing in each case 
with the comparative age of the stem from the apical growing region 
downwards. But a special point of interest attaches to the results 
obtained on the activity of the cells near the apical growing region 
different stages of the growth of the plant. These results indicate 
that the rate of healing near the apical meristem remains practically 
constant up to the forty -fifth day after germination, after which there 
is a steady decrease in the rate as can be noticed by a gradual increase 
in the time taken for the completion of callus formation, the rate 

varying in inverse ratio to the age of the plant. 


Age of plants 
in days. 

Eespirafcory 
index of the 
meristematic 
tissue, GO 2 
output per 
gram dry 
weight at 
15"0. 

Percen- 

tage 

moisture- 

content. 

Relativi 
callus fc 
in the ^ 
region 

Apical 

growing 

region. 

B rate of 
)rmation 
younded 
in days 

Older 

stem. 

Eemarks. 

7 


87-30 

3 

3 

Stem very young. 

10 

8-31 

87-31 

4 

7 


26 

8-36 

84-00 

5 

8 


45 

7-30 

82-22 

4 

16 


57 

6-44 

78-70 

. 8 


Initiation of re- 

75 

6-45 

71-54 

11 


productive organs. 

87 

5-63 

64-28 

14 



107 

4-11 

66-89 


... 



• 1 to compare these results with the respiratory 

index of the apical meristematic tissue through successive stages o^ 
growth. The respiratory output of CO. per gram dry weight of this 
tissue taken at corresponding intervals of time at ifiCQ. on , similar 
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plants are also included the above table for comparison^. It will 
be seen that the values of respiration go hand in hand with the 
relative rates of the power of healing at progressive stages of growth. 

Kidd, West and Briggs® have particularly emphasised the import- 
ance of the respiration of the meristematic tissue as an index of the 
internal factor concerned in respiration and perhaps also of growth. 
It is mteresting to obtain such a similarity of relations at successive 
stages of growth between respiration of this tissue on the one hand 
and such an important activity as the capacity for regenerating the 
power of cell division behind the growing region, on the other. There 
appears hardly a doubt that both of these are indications of a qualitative 
change in the protoplasm as growth proceeJs towards senescence. 

In view of these identical ontogenetic drifts in the two processes, 
one can hazard the statement that the gradual decrease in the relative 
growth rates of plants with the age of the plant as also the parallel 
course followed by the respiratory indices of plant organs throughout 
the life-cycle^, ® are partly at any rate due to this internal factor 
of senescence in the protoplasm. What this protoplasmic senescence 
is actually due to is a problem for further work. 

One of the factors at any rate concerned in the process of senescence 
appears to be moisture-content. An analysis of the water-content of 
this growing region was also simultaneously made at corresponding 
stages of the growth of the plant. The figures are of special value in 
that they indicate a parallel course of the moisture-content curve' with 
the two metabolic activities of the cell mentioned above, viz,t respira- 
tion and the power of cicatrization of superficial wounds. The 
relations of the three in the growing apical region with advance in 
the growth stages of the plant are made out more clearly in the 
following figure where the rate of healing is expressed in terms of the 
reciprocals of the number of days taken for the formation of callus. 

^ For methods see Inamdar, R.S. and Singh, ‘ Studies in the respira- 
tion of tropical plants.’ Journ. Ind. Bot. Soc , To!. TI, Nos. 3 and 4, pp, 133- 
212, 1927. 

2 West and Briggs, loc. cit. 

8 Kidd, West and Briggs, loo. cit, Inamdar, Singh and Pande, loc^ ciU 

^ Singh, B. N., ’The Growth of the Cotton Plant in India’ in several parts, 
B. Sc. thesis, Benares Hindu University, 1927, 

® Singb, B. N. and Apte., Experimental Researches on Growth of Tropical 
Plants, Pt. I, A Comparative Study of the Growth Kates and Respiration 
throughout the life* cycle of the Radish Plant during successive periods of 
growth in relation to leaf-area and leaf-weight ratios. Proc. 14th. Ind. Sci. 
Congress 1927. 

® Singh, B, N. and Apte, T, V., Pt. IT., * Seasonal Variations in the growth 
rate and respiration in relation to leaf-area and leaf- weight ratios’ Proc. 
14th. Ind. Sci, Congress 1927. 
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The closeoess of connecfeion in the respiralory activity and the 
rate of callus formation which is an expression of the power of 
regenerating cell multiplication is remarkable. Perhaps the course 
of either of them should give a measure of the gradient of the proto- 
plasmic senility in the plant as growth proceeds.^ It is further 
interesting that the two activities are correlated with the relative 

moisture-content of the tissue examined. 

It is by no means intended to convey the idea that the phenomenon 
of senescence is connected entirely with the moisture-content of the 
tissues. What this note intends to emphasise at this stage is that the 
correlated run of many physiological activities as growth proceeds, 
such as the power of regenerating, cell multiplication, respiration, 
assimilation,^ growth, etc. appear to be the general expression of a 
“metabolic senescence’’ of the protoplasm itself which seems to 
affect many physiological activities simultaneously inspite of their 
diversities. Of the possible many factors which induce this senes- 
cence, by no means an insignidcant part is played by the relative 
moisture-content of the growing tissue as growth proceeds. 

Summary and Conclusion 

(1) A comparative study is made of the simultaneous rates of 
respiration, power of callus formation in the wounded area and 
moisture -content in or very near the growing apical region of Hibiscus 
. tsculmius* 

(2) It is observed that all the three phenomena noted exhibit a 
parallel course as growth proceeds, showing a progressive decline 
particularly during the later stages of growth, the rates varying in 
inverse ratio to the age of the plant. 

(3) The view is put forward that a simultaneous decline of many 
physiological activities as growth proceeds is due to a qualitative 
change in the protoplasm with the advance in age, which affects many 
physiological processes simultaneously. 

(4) It is shown that moisture-content is one of the important 
factors which induces this qualitative change in the protoplasm. 

In conclusion the author is very much indebted to Professor E.S. 
Inamdar for his continued interest and inspiration, and for his valu- 
able suggestions and kind criticisms. 

Defaetment op Botany, 

Benares Hindu University. 

■» Singh, B. N. and Kumar, K., ‘Ontogenetic Drifts in the Photosynth- 
etic Activity of the Foliage Leaves of the Radish Plant, ' Proc. 14th. Ind. 
Sci. Congress 1927, where a decline has been observed in the rate of assimi- 
lation in the case of very young leaves as growth proceeded. 
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A COMPARATIVE STUDY OF THE RESPIRATORY 
INDEX, WATER-CONTENT AND THE RATE QF 
MECHANICAL WOUNDS IN BIBISOUS 

ESGULENTUS 

By Bhola Nath Singh, D.Sc., 

Assistant Professor of Plant Physiology, Benares Hindu University. 

[With one figure in the text.] 

Ill the eourae of some work on the respiration of the meristematie 
tissues of crop plants, it was noticed by the author while working as a 
student under Professor Inamdar that the values of respiration began to 
fall down sooner or later with the age of the plant^. If respiration 
of this tissue can be considered an index of the general activity of 
the protoplasm in the plant at different stages of its growth, it was 
thought a matter of great interest to observe if other physiological 
processes such as the power of healing of mechanical wounds by the 
formation of callus are also similarly affected with the growth stages 
of the plant. The results obtained in this connection seem to throw 
interesting light on the phenomenon of growth and senescence in 
plants. 

The researches of Massart^ and Simon® have already shown 
that the power of formation of callus in the wounded region disappears 
early in some cases a,nd late in others, the disappearance being 
particularly rapid in the cells of the root cortex. Prom the available 
literature it appears that no observations* have yet been recorded 
where the rate of callus formation has been studied in the corres- 
ponding regions of the plant at different stages of its life-history. 

The following observations were made on Eihisciis esaulmtus 
germinated on the same date and grown under field conditons- 
W ounding was effected by carefully removing, as far as possible, the 
epidermal layer of the stem at two places on the stem, one just below 
the apical growing region and the other in the middle of the stem 
length, in order to get a comparison of the variations in the relative 
time of healing (callus formation) in the stem portions of different age 
develo pmental stage. This procedure was repeated at intervals 

^ Singh, B.NT,. ‘ D. So. thesis ’ Benares Hindu University. 1927 (Detailed 
results to be described elsewhere subsequently). Kidd, West and Briggs 
Proo, Roy. Soo. ’ B. Vol. xcii, 1921. Inamdar, Singh, and Pande, ‘Ann 

Bot. Vol. xxxix, 1925. 

•^Massart, ‘ Memoires Acad Bruxelles % 57, 1^98 {See Plant Phy- 
siology, Eng. Ed. 1807). 

: ^ Simon * Jahrb. f. wiss. Bot. 16, 137, 1904. 

1377-3 
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tbroughoufj^ tbs ontogeny of the plants. The time taken for the heal* 
ing of the wound by the formation of callus was thus carefully noted 
In each case at two regions on the stem during successive stages 
of growth. ■ 

A reference to the following table will indicate in the first in» 
stance that the rate of cicatrization goes on decreasing in each case 
with the comparative age of the stem from the apical growing region 
downwards. Bat a special point of interest attaches to the results 
obtained on the activity of the cells near the apical groimig region at 
different stages of the growth of the plant. These results indicate 
that the rate of healing near the apical meristem remains practically 
constant up to the forty -fifth day. after germination, after which there 
is a steady decrease in the rate as can be noticed by a gradual increase 
in the time taken for the completion of callus formation, the rate 
varying in inverse ratio to the age of the plant. 


m 

s ^ 

Q* 

C8 

Eespiratory | 
index of the ; 
meristematic 
tissue, 00 2 
output per 
gram dry 
weight at 
15^0. 

Percen- 

tage 

moisture- 

content. 

Eelative rate of 
callus formation 
in the wounded 
region in days 

Eemarks. 

® a 

<33 •!«« 

m 

Apical 

growing 

region. 

Older 

stem. 


7 

... 

. 

87-30 

3 

3 

stem very young. 

10 

8-31 

87-31 

4 

7 


26 

8-36 

|, 84-00 


8 


45 

7-30 

822-2 

4 

16 


67 

6-44 

78-70 

8 


Initiation of re- 
productive organs. 

75 

i 6-45 

! 

71-54 

11 

... 

87 

i 5-63 

1 

i 64-28 

. 14 

... 
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|- 4‘11 

1 66-89 

... 

... 



2V.B. — Seeds germinated on 24th April, 1925. 


It is interesting to compare these results with the respiratory 
index of the apical meristematic tissue through successive stages of 
growth. The respiratory output of 00^ per gram dry weight of this 
tissue taken at corresponding intervals of time at 15^0. on similar 
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plants are also included in the above table for comparison^. It will 
be seen that the values of respiration go hand in hand with the 
relative rates of the power of healing at progressive stages of 
growth. • 

Eidd, West and Briggs‘S have particularly emphasised the import- 
ance of the respiration of the meristematic tissue as an index of the 
‘‘ mterna! factor concerned in respiration and perhaps also of growth. 
It is interesting to obtain such a similarity of relations at successive 
stages of growth between respiration of this tissue on the one hand 
and such an important activity as the capacity for regenerating the 
power of cell division behind the growing region, on the other. There 
appears hardly a doubt that both of these indications of a qualitative 
change in the protoplasm as growth proceeds towards senescence. 

In view of these identical ontogenetic drifts in the two processes, 
one can hazard the statement that the gradual decrease in the relative 
growth rates of plants with the age of the plant as also the parallel 
course followed by the respiratory indices of plant organs throughout 
the life*cyol0^ are partly at any rate due to this internal factor of 
senescence in the protoplasm. What this protoplasmic senescence is 
actually due to is a problem for further work. 

One of the factors at any rate concerned in the process of senescence 
appears to be moisture-content. An analysis of the water-content of 
this growing region was also simultaneously made at corresponding 
stages of the growth of the plant. The figures are of special value in 
that they indicate a parallel course of the moisture-content curve with 
the two metabolic activities of the cell mentioned above, respira- 
tion and the power of cicatrization of superficial wounds. The 
relations of the three in the growing apical region with advance in 
the growth stages of the plant are made out more clearly in the 
following figure where the rate of healing is expressed in terms of the 
reciprocals of the number of days taken for the formation of callus. 

The closeness of connection in the respiratory activity and the 
rate of callus formation which is an expression of the power of 
regenerating cell multiplication is remarkable. Perhaps the course 
of either of them should give a measure of the gradient of the proto- 
plasmic senility in the plant as growth proceeds. It is further 

^ Inamdar, R S and Singh, B.N., ‘ Studies In the respiration of tropical 
plants. Journ. [nd. Bot. Soc , Vob YI, Nos. 3 and 4 p. 

® Kidd, West and Briggs loc, dt, 

3 Kidd, West and Briggs, loo. cit, Inamdar, Singh and Fande, loc, cit. 
Singh, B. N., *The Growth of the Cotton Plant in India’ in several par ts, D* 
So. thes’s, Benares Hindu University 1927. Singh, B. N, and Apte., Experi"^ 
mental Researches on Growth of Tropical Flants, Ft. I , A Comparative Siudy 
of the Growth Ratos and Respiration throughout. 
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interesting tbat the two activities are correlated with the relative 
moisture-content of the tissue examined. 

It is by no means intended to convey the idea that the phenomenon 
of senescence is connected entirely with the moisture content of the 
tissues. What this note intends to emphasise at this stage is that the 
correlated run of many physiological activities as growth proceeds, 
such as the power of regenerating cell multiplication, respiration, 
assimilation,^ growth, etc. appear to be the general expression of a 
metabolic senescence” of the protoplasm itself which seems to 
affect many physiological activities simultaneously inspite of their 
diversities. Of the possible many factors which induce this senes- 
cence, by no means an insignificant part is played by the relative 
moisture content of the growing tissue as growth proceeds. 

Summary and Conclusion 

(1) A comparative study is made of the simultaneous rates of 
respiration, power of callus formation in the wounded area and 
moisture-content in or very near the growing apical region of BihisGus 
Gsculenkis. 

(2) It is observed that all the three phenomena noted exhibit a 
parallel course as growth proceeds, showing a progressive decline 
particularly during the later stages of growth, the rates varying in 
inverse ratio to the age of the plant, 

(3) The view is put forward that a simultaneous decline of many 
physiological activities of the advance in growth is due to a qualitative 
change in the protoplasm with the advance in age, which affects many 
physiological processes Bimultaneously. 

(4) It is shown that moisture-content is one of the important 
factors which induces this qualitative change in the protoplasm. 

In conclusion the author is very much indebted to Professor E.B. 
Inamdar for his continued interest and inspiration, and for his valu- 
able suggestions and kind criticisms. 

..Depabtmbnt of Botahy, 

■ BbHABES-HINDIT ..XJnIVBBSITY. ^ \ ^ 

(Reference contd. from page 4) the life-cycle of the Radish Plant during 
successive periods of growth in relation to teaf-area and leaf weight ratios’, 
Proc. 14th, Ind. Sci. Congress 1927. 

Singh, B, N. and Apte. Y. V., Pt. II * Sea.‘:oual Voriations in the growth 
rate and respiration in relation "to leaf-area and leaf- weight ratios ’ Free. 
14th. lad. Sci. Congress 1927, 

Singlv, U. N. and Kumar, K. K., ‘Ontogenetic Drifts in tbe Photosynth, 
etic Activity of the FoUago Leaves of the Radisli Plant, ’ Proo. 14tli. Ind. 
Sci. Congress 1927, wEeie a decline has been observed in the rate of a'ssimi- 
tation in the case of very yohng leaves as growth proceeded. 
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The species observed in the Delta, including the introduced 
plants, number 332, belonging to 220 genera and 73 families. Of these 
are indigenous 61 families, 184 genera, and 279 species. From now 
we shall confine ourselves to the indigenous plants only. ' 

The ratio of families to genera and species is 1 V 3.01 : 4.57, 
or approximately 1:3: 4,5. 

A comparison of the Dicotyledons with the Monocotyledons 

shows the great poverty of the latter : * 

Dicotyledons: Genera 139, species 211 
Monocotyledons: „ 44, ,, 67 

The ratio, therefore, of the Monocotyledons to the Dicotyledons 
is 1 : 3.14. 

The following list shows the families arranged according to the 
number of species belonging to each : ' 


EAMILIIiS. 

Indig- 

enous 

species 

Indig- 

enous 

genera 

Families. 

Indig- 

enous 

species 

Indi- 

genous 

genera 

Gramineae 

40 

23 

Nyctaginaceae 

2 

1 

Le^uminosae 

23 

13 

Typhaceae 

2 

1 

Corapositae 

18 

14 

Menispermaceae 

1 

1 

Oonvolvulaceae ... 

13 

5 

Cruciferae 

1 

1 

Euphorbiaceae ... 

11 

3 

Resedaceae 

1 

1 

Amarantaceae 

11 

8 

Polygalaceae 

1 

1 

Oyperacaae 

11 

4 

Oaryophyllaceae 

1 

1 

Malvaceae 

10 

5 

Sterculiaceae 

1 

1 

Boraginaceae 

9 

3 

Geraniaceae 

1 

1 

Tiliaceae 

3 

3 

Bursoraceae 

1 

1 

Asclepiadaceae ... 

• 8 

7 

Oelastraceae 

1 

1 

Chenopodiaceae ... 

8 

6 

Rliamnaceae 

1 

1 

Cucurbitaceae ... 

7 

7 

Plumbaginaceae 

1 

1 

Solanaceaa 

7 

5 

Myrsinaceae 

1 

1 

Scrophulariaceae... 

7 

6 

Apocynacaae 

1 

1 

Acanthacaae 

r? 

1 

4 

Gantianaceae 

1 

i ■' 1 

Oapparidaceae ... 

6 

5 

Orobanchaceae 

. j 

1 ' 1 

Rliizophoraceae ... 

5 

3 

Bignoniaceae 

1 

1 

Zygophyllaceae ... 

4 

3 

Polygonaceae 

1 

1 

Ficoidaceae 

4 

3 

Aristolochiaceae 

1 

1 

Labiatae 

4 

L..:. 3. 

! Ortieaceae 

1 

1 

Noiadaceae 

4 

3 

1 Salicaceae 

1 

1 

Nymphaeaceao ... 

3 

2 

Gnetaceae 

1 

1 

Tamaricaceae 

3 

1 

Hydrocharitaceae 

1 

1 

Verbenaceae 

3 

3 

Amaryllidaceae 

1 

1 

Liliaceae 

3 

1 

Oommelinaceae 

1 

1 

Portulacaceae 

2 

1 

Palmae 

1 . 

1 

Elatinaceae 

2 

1 

tPandanaceae 

1 

1 

Lythraceae 

2 

2 

Lemnaceae 

1 

1 

Goodeniaceae 

2 

1 

Alismaceae 

/ 1 

1 

Salvadoraceae ... 

2 

1 


! 

t 









No. 22. An almost pur© formation of Euxhorhia caducifolia on a 
rocky slope near Tatta. 


I ^ , 

No. 21. Tatta Lake, fringed with sedges; shore rocky and gravelly, 
covered with Capparis decidua Pax and Euphorbia caducifolia^ 
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We show tihe same graphically (Graph 10): 



If} is a striking fact that out of 61 families 36 are represented by 
1 genus only, and 28 by 1 species. Diagram 11 shows how many 
genera belong to each family. 


Graph 10«—To show the number of species belonging to each family. 
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Gramineae 


Compositae 


Legumlnosae 


Amaraiitaceae 


Asclepiadaceae, Cucurbitaceae 
Chenopodiaceae, Scrophulariaceae 


Convolvulaceae, Malvaceae, Solanaceae, Capparidaceae 
Cyperaceae, Acanthaceae 


* Eupborb., Boxag., Tiliac., Rbizoph., ZjgophylL.Ficoid,, Lab., Naiad., Verb, 


■ — ' Nymphaeaceae, Lythraceae. 
All the rest. 


12345678 


I 2 d 3 -I 4 -^-Namber of genera 


28 


Graph 1 l.—To show how many genera belong to eacli family. 

The following are the dominant families if we consider the 
number of species belonging to each. 


Families. 

Spe- 

cies 

Fer- 
cen- 
tage 
of total 

Families. 

Spe- 

cies 

Per- 
cen- 
tage 
of total 

Gramlnete 

40 

14-3 

Malvaceae 

10 

3-5 

LeguminosiB 

23 

8-2 

Boraginacese 

9 

3-2 

Composifcie 

18 

6-4 

Tiliaceae 

8 

2-8 

Convolvulaceae ;.J 

i, ' 

IS: 

4-6 

Asclepiadaceae ... 

8 

2-8 

Euphorbiacete 

11 

3-9 

Chenopodiaceae ... 

8 

2-8 

Amarantaceto 

i 

11 

j 3-9 

Cucurbitaceae 

7 

2-5 

Cyperaceae 

11 

3-9 

1 . ' ■ . 

Solanaceae 

: . 7 - 

2-5 



THE ELOEA OE THE INDUS DELTA. 


33 


In order to obtain a clearer insight into the relations of the 
flora of the Indus Delta with other botanical regions of India, Burma 
and Ceylon, we add a graph showing the distribution of the 10 domin- 
ant orders of the Indues Delta in the Indus Plain, the Gangetic Plain, 
the Deccan and Malabar, Ceylon, the W. Himalaya, the E. Himalaya, 
Burma, and the Malay Peninsula. A glance at the graph will explain 
the salient features- (Graph 12). 
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IL ^ Geographical Distributioo; 

Oat of the 279 indigenous species we have classified 265 accord* 
ipg to their geographicai distribution. 14 species have not been con- 
sidered on account of their- abnormal and erratic distribution. We 
distinguish 16 -groups: 


1. 6 endemic species, viz. 

Gossypiitm Bakerp 
Periploca sp. 

Convolvuhis sp, 


AndracJme sp. 
Asparagus gharoensis. 
Asparagus deltas. 


So far we have to consider them as endemic, but it is more 
than likely that some day they will be found in the neighbouring 
countries. 

2. The Indian element consisting of 29 species which are found 
in various parts of India and extend sometimes into Ceylon : 


NyjiipJiaea ruhra 
Maerua are?iaria 
Cadaha indica 
Tamar ix dioica 
Triumfet ta ro hmdifoU a 
Indigofera ujiiflora 
1, visGosa 
Tephrosia tenuis 
Mimosa haviata 
Kedrostis rostrata 
Gorallocarpiis epigaeus 
Phichea tomentosa 
Echinops echinatus 
Volutarella divaricata 
Daemia externa 


Triohodesma indioumyVar. amp^ 
lexicaule 

Bivea hypoGrateriformis 
Linaria ramosissima 
Lindenbergia i^rticaefoUa 
Glerodendron Phlomidis 
Suaeda nudiflora 
Polygonum plehejum 
Euphorbia caducifoUa/" 

E. Glarkeana 
Ficus glomerata 
Crinum asiaticum 
Pandanus tectorius 
U roohloa setigera 
Oryza coarctata 


3, The Indo-Malayan Element, consisting of 16 species, some 
of them extending to Australia and Polynesia : 

Groialaria juncea Eeliotropium panmilaUm 

0. medicagmea Solatium xanthocarptm 

Indigofera cordifolia Bonnaya veronicaefolia 

Pongamia glabra Aviconnia officinalis 

Qeriops Boxhurghiana Oyperus Haspan 

Sonneratia acida Fimbristylis ferruginea 

Scaevola friitescens Goix LacJiryma-Johi 

Oxystelma esculenkm Eragrostis amahilis 

^ B.uphorbia caducifolia Haines should be substituted for ~Buphor^a 
nivuHa Ham. throughout the series. Mr. C. E. C. Fischer of the Kew Her- 
barium informs us that our tTee-Euphorbia is B. caducifolia (See Kew Buis 
(19^5),341). ‘ 







No. 23. An almost pure formation of CyferacccB in an inundated 
swamp n03-r Tatta. 


No. 24. A pool near Kullan Kota Lake. In the water Famcum^ on 
the hB>xi)s. Euphorbia, Acacia^ Tamarix* 



i 

I 
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4. Plants belonging to the N. AfricanHndian Desert. Wo 
include also those species which have been found only in the Indian 
Desert. This is the best-represented group numbering 60 species : 


Farseiia Jacqtmnontii 

Oonvolviilus scindicus 

Ochraclemis baocatus 

G* Bottlerianus 

PokjGarpaea spicata 

0. microphyllus 

1 Tamar ix Troupii 

Lychm harbarum 

Tamarix artioulata 

Schioemfurthia sphaerocarpa 

Gossypi'uni Stocksii 

Gistanche tubulosa 

Tribiilus alaius 

Tecomella tindulata 

Gommiphora muk u 1 

Blepharis sindica 

ZisypJms rotimdifolia 

Salvia aegyptiaca 

Grotalaria Burhia 

(also Mediterranean) 

Indigofera anahaptiBta 

Aerua tomentosa 

Tephfosia petrosa 

A. psetidO‘tomentosa 

Alhagi camelortm 

Atriplex Stocksii 

; Prosopis spicigera 

Suaeda monoica 

j Guc umis prophet a ru??z 

Salsola foctida 

Gitnillus Golocynthis 

Euphorbia gramdata 

Orygia decimheiis 

E. jodhptirensis 

f Pluehea la^iceolata 

Ephedra /oliaia 

1 Qmphalium puhmatum 

Asparagus durnosus 

Inula grantioides 

Oyperus arenarius 

Pulicaria angustifoUa 

Saccharum GriffitJiii 

P« Stocksit 

Gymhopogon Jwarancusa 

Launaea chondrilloides 

Digitaria pennata 

L. 7iiidicaulis 

Cmchrzis bijlorus 

Statice Stocksii 

Sporobolus arabious 

Salvadora oleoides 

JSeleochloa dura 

Periploca aphylla 

Eragrostis ciliaris 

Sarcostemma Stocksii 

Ghloris villosa (also Mediter* 

Leptadenia spartium 

ranean) 

Heliotrcpiim calcareim 

Eleusine flag ellif era 

T1 eliotf opium midulatum 

Aeluropus vitlosus (also Medi- 


(also Mediterranean and trop. terranean) 
Asia) 


5. The Tropical and N. African-Indian Desert Element. It is 
also known under the name of N. African Steppe, and comprises 
Kordofan, Darfur, Sennaar, Etbai, Abyssinia, Yemen, Hadramaut, and 
the island of Socotra, and sends a number of representatives into 
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India, especially the N.«W. part, 
belonging to that group : 

CoOCUlUB pQUclliluS 
CleojiiG hr achy car pa 
Cappar is decidua 
Poly gala irregularis 
Borgia odorata 
Skla greioioides 
Abutilon 7nuiicim 
A. fruHcosttm 
Senra incana 
Greiuia populifolia 
Corchoriis aniichorus 
Melhania Denliamii 
Zygopliyllum simplex 
Acacia arahica 
A, Se7wgal 

Vernon ia ci norascens 
Dicoma tomeniosa 
Salvador a pcrsica 
Calotropis procera 

6. This group comprises 
tropical Africa and India : 

N yinpJiaea stellata 
Greivia asiatica 
G. villosa 

Triumfoita peniandra 
Tfia >ic hern a pen tandra 
litiellia proslrata van dejecta 
Jmtkia heterocarpa 
Notkosaer ua brachiata 

7, Common to the Tropics 

Poriulacaquadrijida 
Bcrgiaammannioides 
Ahiitilon polyandnim 
Thespesiapopulnea 
Cor chorus tridens 
Gymitosporia montana 
Imligofora paucifolia 


In the Delta we have 37 species 

Pont a tr op is cynanck o ides 
Gordia myxa 
Cordia Boihii 
II oliotr opium opJiioglossum 
H. ovalifoliuni (also Mediter- 
ranean) 

Convolvulus rhyniospormus 
Solanuni albieaule 
Li n den berg i a a by s si n ica 
Buellia pakila 
Barleria acaiithoides 
B. Hochsteiteri 
Leucas 'urticaofolia 
Aristo lochia bracteata 
A^idrachne aspera 
Gonmelina albescens 
CencJiriis caiharticiis 
Aristida fimiculata 
Elensino aristata 

13 species which are common to 

Arth rocne^num i^idicmn 
Typha ehphantina (also N. 
Africa) 

Cyperus tegctum 
Pennisetmn cenchr aides (also 
Mediterranean) 

Desmostachya cy^iosuroides (also 
Syria) 

of the Old World are 39 species : 
Sesbania aculeata 
Aeschynomene indica 
A. aspera 

Alysicarpus taginalis 
. lihizophora ^nucronata 
Bi, conjngata 
Ceriops CandollQa7%d 
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Bnig ulera gynmorhiza 
M 0 mordica Cha ra ri tia 
Coco ini a indica 
Melothria 7naderaspatana 
Vernonia oinerea 
EniGostemma liitorale (also W. 

Indies) 

Me rrern ia c hr y so ides 
Ipornoea eriocarpa 
L aqiiatica 
Physalis minima 
h ivi nop hi la g ra i ioloi des 
Bark} ia PrioniUs 
Ocimum camim 


Boerhaavia vcrticiilaia 
Pupalia lappacea 
AUernanthera nodiflora 
Phyllanthus reticulakis (also 

China) 

GyperiiS stoloniferus 
G. alopecuroides 
Sacchanm spontaneim 
Diohanthinm annnlatnm 
Paspalnm scrohioulapum var. 
Gommersonii 

Phragmiies hatha (also Japan) 
Eragrostis interrupta var> 
Koenigii 
Biplachne fusca 


8. Common to the Tropics 
Cleome visoosa 
Otjnandropsis peiitapliylla 
Almtilon indie um 
Gorchoriis aGiitangiilus 

E h y nc ho$ ia minim a 
Acacia Farnesiana 
Trianthema monogyna 
Blainmllea rhomhoidea 
Merremia aegyptia 
Ipomoeahiloha 

9. Occurring in most ^ 
22 species ; 

Portulaca oleraoea 
Sida spinosa 
TrihnhiS terrestris 
FagoniacretiGa 
Moling ohirta 
Eclipta erecta 
Sonchus oleraceiis 
Scaevola Plimierii 
Gressa cretioa 
AmarantuB polygamiis 
AUernanthera triandra 


generally are 19 species*. 
Datura fastuosa 
Amarantus viridis 
Achyranthes aspera 
Euphorbia hyper icifolia 
Phyllanthus Niruri 
Cocos niicifera 
Eleooharis atropurpurea 
Paspalidium g e mina t um 
Ghloris barbata 


warm countries are the following 

Vallisneria spiralis 
Gyperus rotundus 
Hemarthria compressa 
Digitaria sanguinalis 
Eriochloa ramosa 
Echinochloa colona 
E, Btagnina 
Setaria vertioillata 
Aristida Adscenscionis 
Tragus racemosus 
Cynodon daciylon 
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10. 6 species are found in the tropical and subtropical regions 
of the Old World or of the whole world : 

Grangea inaderaspalana ' Boerhaavia diffusa 
Lippiu nodiflora Etiphorhia hirta 

Ocimum samtum E* pihilifera 

IL In the warm parts of the Old World we find 3 species: 
Ammannia haccifera Eleusme aegyptiaca 

Fmhristylis dichotoma 

12. One species is common to the temperate and subtropical 
regions : 

Zanicliellia palustris 

13. Mediterranean — Oriental 2 species: ■ 

Wiihania somnifera Saocharnm Bamnnae 

14. Oriental 5 species : 

Tavernura cuneifolia Haloxyloji recurvum 

Neriim odorum Popidiis eiiphratica 

Suaeda fruticosa {alsolS^uvope, 

N. Africa and America) 


15. European 1 species: Erodium cicutarium, 

16. Cosmopolitan 6 species : 

Convolmibts arvensis Sagittaria sagitiifolia 

Solanum nigrum Scirpus maritim%is 

GJmiopodiimi murale Eohinoohloa Gnis-Galli 

The following graph 13 shows at a glance to what extent the 
various floristic areas of the globe are represented in the Indus Delta. 


THE ELOBA OE THE INDUS DELTA, 



We can readily distinguish 3 well-markad elements in the flora 
of the Delta: an eastern, a western, and a more general element 
Including those species which are purely Indian, 

■■■ ' ^ ^ ■•■■■ " '■ '■ ■" ' '■ ■■ ' 


Crapli 13, 
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The Eastbbn EiiEMBNT 
Inclo4Iala3^an 16 species 

The Western Element 


N. African- Indian Desert 

60 species 

Trop. Africa and N. African- 


Indian Desert 

37 .. 

Trop- African and Indian 

13 . 

Oriental 

■ 5 . ,, 

Mediterranean-Oriental 

2 - 
^ S5 

European 

1 

Total ... 

118 species 


The General Element : 

Endemic 

6 species 

Indian 

29 ' „ 

Tropics of Old World 

39 

Tropics generally 

19 

Warm parts of Old World , 

3 II 

All warm countries 

22 „ 

Tropical and subtrop. 
regions of the Old 

World or of the 

whole world 

6 „ 

Temperate and subtrop. 

regions 

1 I. 

Cosmopolitan 

6 „ 

Total ... 

131 „ 


We are allowed to neglect febe general element for our purposes, 
as it consists of species which are either only Indian or show a wider 
distribution over the eastern and western parts of the Old Worlds 
or comprise even certain regions of the whole globe. 

What is left to form an estimate of the plant-geographical posi- 
tion of the flora is the western element with 118 species, and the 
eastern (Indo-Malayan) with 16 species. The eastern forms just a 
little more. than .f of the western. .The ecological conditions of the 
Delta are not such as to exclude Indo-Malayan types entirely, but the 
^vestern (chiefly Africajii) element is yastly preponderant. 


1 



No. 25. Kullan Kote Lake. In foreground: Sedges, Euphorbiai 
Capparis* In background : A rocky hill with Acacia, Grewia, ZizyphusJ 



No. 26. Kullan. Kote Lake. Mixed formation of Euphorbia caduci folia 
Commiphora mukul, Acacia Senegalt Zizyphu$\ shrubby Acardhacece^ 





Graph 14rf 

III. Origin of the flora. 

The flora of the Indus Delfja, except a narrow strip along the 
northern border and a small rocky area in the Tatta district and south 
of Tatta is, judging from its geographical position and geological 
condition, of very recent origin, taking recent ia its geological sense. 

Of the 279 species that make up its flora 226 are found in other 
parts of Sind. This latter number will very likely grow with the 
increased knowledge of the vegetation of Sind. 


1377-6 
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Thase are Mie 54 species, which, according to the data at present 
at our disposal,^ have not been observed in extra-deltaic Sind : 


Nymphaea stellatd 

Ghenopoditm mtirale 

Nelumhium spooiomm 

Euphorbia pilulifera 

Mmriia arenaria 

E, jodhptirens is 

Abutilon polyandrimi 

Aiidrdchne sp, . 

Gossypi'iim Bakeri 

Ficus glomerata 

TriumfeUa rotimdtfoUa 

Populus euphratica 

T, pmtandra 

Orinum asiaticum 

hidigofera uniflora 

Asparagus gharoens is 

Aeschynomme indica 

A, deltac 

A* aspera 

Gommelina albescens 

Bhizophora niiicronata 

Pandanus tectoriiis 

E. confugata 

Typha elephantina 

Ceriops Eoxhurghiana 

Lenina sp , . 

Br uguiera gymno rhi ^'a 

Sagitiaria sagitiifolia 

SomWratia acida 

Aponogeton monostachyon 

Kedrosiis rostrata 

Naias, 2 species 

Vicoa cerniia 

G y per us s to lonifer us 

PeriploGa sp. 

C, Baspan 

Trichodesina indictim 

Eleocharis airopitrpurea 

Convolvulus sp. 

Sacchartmi Griffithii 

Merremia aegyptia 

Urochloa setigera 

Limnophila gralioloides 

Echinochloa Criis-Galli 

Bonnaya veronicaefolia 

E. stagnina 

Linden hergia u rticaofolia 

Genohrus catharticus 

Buellia prostrata 

Bragrostis amabilis 

Avicennia officinalis 
Ocimim sanctum 

Diplachne fusca 

In the above list there 

are 6 endemic species which we have 

already mentioned. Outch could contribute at least 8 species : 

Nymphaea stellata 

Bruguiera gymnorhiza 

TrnmfeUa rotundifoUa 

Avicennia officinalis 

Bhizophora mu cromta 

: : Euphorbia pilulif eta 

E, co7titigata * ■ 

Pandmiuskctorms 

Dutch is only partly known ^ 

and it -is more than likely that other 

species may have reached the Delta via Outch. 

T. S. Sabnis, The Flora 

of Sind. Journ. Ind. Bot. Soc., Voh III, 

p, 151, etc. 


** E. Blatter. On the Flora of Outoh. Journ. Bomb. Nat. Hist. Soc. 
XVIir (1908), 756-777 ; XIX (1909), XEir-ii'e. 




No. 28. Sand-dune near Gharo with Calotrovis procera^ LeptactevJa 
spartiunii Asparagus gharoensis. 


' No. 27. Barren rocky undulating plain between Gholarn and Tatta 
with only Capparis decidua and Euphorbia caduci folia. 
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The Eajpntana Desert ^ can be held respoDsible for the presence 
of the following species in the Delta : 

Merreynia aeq'gftia Euphorbia jodhpiiremis 

Lmdenbergia urticaefolia Eleochatis atropiirptirea 

Ocimim sanckm Genchrus catharticus 

We seem to be justified in tracing 
Maenia arenaria Typha elephantina 

Populus euphratica Sagittaria sagittifoUa 

to the Punjab, and the following species to Baluchistan : 

Trichodesma indicum Chenopodiim murale 

Linmophila gratioloidGn Sacoharum Griffithii 

always assuming that the plants in their migrations follow the princi- 
ple of least resistance^ 

The W. coast of the Peninsula must have supplied the following 
members to the mangrove-vegetation of the Delta, in addition to those 
which we have mentioned as coming from Outch ; 

Geriops Eoxhurghiana Sonneratia aoida 

'We have now accounted for 31 out of the 54 species which do 
not occur in extra-deltaic Sind. As to the 23 remaining species they 
have a varied distribution in different parts of Gujarat, the Konkan 
and the Deccan. Before entering into useless speculations as to bow 
they may have reached the Indus Delta, we prefer awaiting a more 
complete record of the vegetation of Kathiawar, Outch and especially 
of the country lying south of the Marwar- Hyderabad railway line. 

It is not difficult to trace the path which the Indo-Malayan and 
Indian plants east of Sind followed in their migration through West 
India, Rajputana and the Punjab. ' 

Por the immigration into Sind of all the western species we refer 
to Agharkar ^ who has studied the moans of dissemination of the 
xerophylies, subxerophytes and halophytes of the flora of N. W* 
India and has discussed all the possible ways by which western plants, 
especially iAfrican, could enter the Indus plain. 

{To he continued) 


^ E. B’atter and E. Hallberg. The Flora of the Indian Desert. Journ. 
Bomb. Nat. Hist. Soc. XXVI (1918), 218-'^46 ; XXVI (1919), 525-551, 811. 
818; XXVI (1920), 968-987; XXVII (1920), 40-47, 270-279 ; XXViI(1921), 
.506-519... . 

^ S. Agharkar, Ueber die Verbxeitungsmittel der Xerophyten, Subxer- 
ophyten und Halo phy ten des Nordwestlichen Indians nnd ilire Herkunft. In 
Botanische Jahrbueoher { 1920) Beiblatt 124. 


44 , 


SrlOO-Sr 'SrlOO'SriOII ^OOt-SrOat-Sroat-erO 

MICROSCOPESI 



Dissecting MicrQScopes 

Monocular and Binocular 

All Dissecting Instruments, 
Microtomes^ Drawing Apparatus, 
Stains, etc., etc. 


0 

I 

0 

Q 

ea 

1 

o 

0 

*» 

1? 

o 

0 

€» 

$ 

0 

c» 

1? 

o<^a0*^C3O'^QOQ-^^QOo<^oc3o^QOo-^oao-«a-oao*n&>9ao4;a.o 


For particulars ask : 

THE SOLE DISTRIBUTING AGENTS FOR 

India, Burma and Ceylon ; 

H. E. METZKES & Co., 

7, Esplanade East - - . CALCUTTA. 


SPACE TO LET 


For terms apply to 

Peof. M. O. P. Iyengae, 
Presidency College, Madras. 

Printed and Published by J. B. Botf BICK at the Methodist Publishing House, 
Madras, for the Indian Botaaicai Society— 1928, 



The Journal of the Indian Botanical 

Society. 


^Fdrliaetly The Journal of Indian Botany.”) 



VOL. VII. 

: JULY, 1928. 

6 


SHOOT-BUDS FROM ROOT-GUTTING& 

By T. S. Sabnis, 

Economic Botanist to the Governmenti United Provinces, . 

It is the object of this paper to record the observations of the 
writer about the varied mode of orientation of shoot-buds from root- 
cuttings, with a note on the mode of their origin in the root. It is 
not possible to suggesb, at this stage, any general rule bearing on the 
behaviour of root-cuttings as a whole* The problem of reversion and 
general behaviour of plants raised from the root- cuttings of variegated 
biants will be discussed in a later paper. 

® Method The medium found suitable for root-cuttings is about 
two inches of loose sand on the top, with light garden loam below ; 
it is;£owever necessary to see that the pots do not get water-logged. 
The* pots are placed at a temperature of so that there is suffi- 
cient moisture and warmth. The cuttings should be placed about 
half to -three-fourth inch deep* 

■ The time of budding for root-cuttings of different plants varies 
considerably, the shortest time being 6-7 days as seen in 'Buphorhia 
Uyparissias, Geranium macrodemtm m-d Nasticrtiim sylvestre ; 
Maelura aurantiacat among plants so far observed, takes the longest 
time to bud from the roots vis. 4-5 months. As a rule about three 
Weeks is a normal period. It should, however, be noted that the 
period for budding is fixed for each species. The failure in some cases 
is due to the susceptibility of roots to some kind of rot as seen in 
Acanthus molUs. Ailanthus glandulosa, Populus alba, Populus eugenia 
apd Verbascim cupreim. In these cases roots completely rot at either 
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end, especially go at the proximal end ; and buds, even if they appear, 
are stopped from further growth. Lateness in some cases is due 
to the wrong position of the cuttings in the sand-bed; which are 
usually placed horizontally. Cuttings in these cases prefer a vertical 
position with proximal end upwards. This was clearly seen in the 
case of TeGoma radicajis — horizontally placed cuttings taking over 37 
days while the vertically placed ones about 14 days. The cuttings 
of plants— Anchusa italica, Acanthus mollis, Fapaver orientale^ 
Bumex alpinus and Vcrhascum phoenicum — with a tendency to bud 
in a png round the xylem at the proximal end prefer a vertical 
positbm One cannot, however, predict beforehand the mode of 
budding nor the position preferred by the cuttings. 

Mode of budding : — The buds may appear either (l) laterally as 
seen in the greater number of cases ; or (2) terminally in a ring round 
the xylem at the proximal end as in Anchusa italioa (fig. l), AcanihtLs 
mollis, Erodium macradenum (fig, 2), Papaver orientale, Populus 
albd, Popuhis eitgeniat Picris hieracioidcs, Btiinex alpimcs, QrornhQ 
maritima (fig. 6), Spiraea xilmaria mdi 7 erhascum phomicum (fig. 4) ; 
or (3) singly at the terminal end round the xylem as in Madura 
mirantiacat Senecio p%ilcher (fig. 5), Spiraea filipendAilina, Taraxacum 
officinale; or (4) laterally but towards the proximal end as in 
Anemone buldensiSf Ajuga reptans var, purpurea, Ailanthus glandu^ 
losat Aristolochia QlematUis, Barbarea vulgaris, Nasturtium sylvestrc 
(fig. 8), Pelargonium Yohitis and Bomneya couUeri x B^ triohocalyx* 

Distinct polarity is seen in most of the cuttings which have a 
tendency to bud centrally round the xylem at the proximal end. Some 
of the cuttings ol Taraxacum officinale, which buds in this fashion, 
were placed vertically with proximal end downwards to see whether 
the mode of budding would vary. It was, however, interesting to see 
that the bud appeared from the proximal end in a ring in spite of the 
unfavourable position (fig. 7}. 

It was thought that anatomy would shed some light on the varied 
behaviour of the root-cuttings ; but no definite structural peculiarities 
could be seen. Except perhaps in Gaillardia var: ** Lady Bolleston ” 
(fig. 8), the buds were endogenous. They started either (1) quite from 
the centre of the wood-cylinder, the most deeply seated ones being 
found in Barbarea vulgaris (figs. 9, 10), Bocconia cordaia (fig. 11), 
Onicus arvensis (fig. 12), Convolvulus arvensis (fig. 13) and Geranium 
sanguineum (fig. 14) ; or (2) from just inside the pericycle as in 
Bouvardia vat. ''President Cleveland" (fig. 15), Erodium macra- 
denum (fig. 16), Etiphorhia Oyparissias (fig. 17), Papaver orientale and 
Yerhmcum phoenictm (fig. 18). 
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Ife 'was Mrtlier observed that the woody tissue in cuttings which 
were characterised by polarity was comparatively poor, sclerencbyma 
being considerably reduced. 

It seems that the woody tissue greatly influences the formation 
of shoot -buds and its feeble development accounts for tbe failure of 
cuttings of Goch$learia, 'Fms and other herbaceous plants. It is 
perhaps possible to raise plants from, the tender roots of these plants 
which cannot survive in the sand bed the resting period required for 
the development of buds, by manipulation of temperature so as to 
quicken the process of bud-formation. 

The writer is indebted to the late Prof. Bateson for his kindly 
interest and to the staff of the John lanes Horticultural Institute, 
Merton, London, for their consistent help throughout the progress of 
the work. Thanks are also due to Mr, Oster stock, the artist of the 
Institute, for photographs of root-cuttings. 

t 

Summary. 

L Loose sand on top of light loam forms a good medium for 
root-cuttings. 

II. Position of cuttings in sand-bed, time of budding, as well as 
mode of orientation of shoot-buds varies in different plant 
species. 

III, Polarity correlates with the tendency to bud centrally, 

IV. Anatomy helps in the study of the origin of shoot-buds 

from root- cuttings. 

V. Woody tissue greatly influences the formation of shoot-buds 
from root-cuttings. 

VI. Manipulation of temperature may help in raising plants from 
root* cuttings with feeble development of woody tissue. 

Explanation of figures. (Plates I— HI.) 

Kg. 1, Anchiisa italica var. droprnoret showing distinct polarity. 
Pig. 2. Erodkm macrademm var, rosemn, showing buds in a ring 
from the proximal end. 

Pig. 3* Nmturtkm with shoot-buds arranged laterally 

in a ring round the edge of the proximal end. 

Pig. ia, Verhmcmi ptemczm showing distinct polarity. 

Pig, 4&. Verbasoiimphomicmmvarr albimi showing polarity. 
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. 5. Smcio fulcher showing shoot-buds appearing terminally 
but Singly from fehe wood, 

6. Grombe mantima (Saakale), showing shoot-buds arranged 
, in regular rings round the wood at the proximal end. 

■ ■ upside :down yerti- 

eauy. bhoot-buds curving upwards. 

. 8. Gaillardia var. " Lady BolUstonm. B. ■ 

. 9. Barhareavulgaris,Tl.B. ,• 

. 10 . Barbarea vulgar is, 

I Jl- BoQconia cordata. T,^, 

. 12. Cnicus arvensis mr, setosust T, S. 

• 13. Convolvulus arvensis, T. S. " 

H. Geranhm sanguineim.T. S. 

15. Bouvardia var, President Clevda?id,'* T . S, 

' 16. B^Of^'i'U7nmacrademmvar»roseum,h,S, 

17, Euphorbia Cyparissias, L. S. 

18. Verbascum phoenicum, T, S. 
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'CHAROPHYTE NOTES FROM SAHARANPUR, U, P. 

: :■ ■ BY . 

G. O. Allen, I. G. S,. 


Tbe following notes comprise the main results of my pond hun- 
img in quest of charophytes subsequent to the period covered by my 
previous paper For much of what interest my observations may 
possess I am, as will be seen, indebted to Mr. Groves. 

To my great relief I found myself posted' on my return from leave 
in October, 1923, to the Saharanpur District, my experience of the 
SO-calied “cool end’’ of the United Provinces having been only too 
limited. This spot is far removed from Gonda and enjoys a climate 
much niore congenial to Europeans though it bears rather a bad 
reputation for fever. The average rainfall is about 39 inches. Frost 
b'f any severity is very uncommon and the maximum, shade tempera- 
ture seldom exceeds 105° in a normal year. 

The district forms part of the Meerut civil division and comprises 
the hortherhmbst portion of the Doab, the tract that lies between the 
Ganges and Jumna rivers and stretches South and then East as far 
as their junction at Allahabad. These two river-s form * respectively 
the E. and' W* boundaries of the Saharanpur District. Across the 
Jumna to the West lies the Punjab : to the North of the District that 
charming vale, Dehra Dun, the dividing line between them being the 
rugged miniature mountain range qf the Siwaliks of geological fame. 
The actual bearings of the district are about 30° North and 78° East. 

In its general appearance the district presents a much greater 
variety than the typical Gangetic plain. Particularly fascinating 
features are the two canals, the Ganges and the Eastern Jumna, with 
the refreshing belts of vegetation that fringe their banks. Gazing to 
the North on a clear day the eye rests first of all on the Siwaliks 
some thirty miles away and then on the Mussoorie range and beyond 
that on the peaks of the snow-clad Himalayas. 

Most of the district is upland in character, the land sloping on 
either side down to the low-lying valleys, Ml of swamps and back- 
waters. As at Gonda I have been obliged from lack of opportunity to 
confine my attention mainly to a few small patches of water within 
easy reach of the civil station which is situated in this upland 

^ Notes on Charophytes from Gonda U, F. [Journ* Bombay Nat 
iS^oc. June 30j 1925). 
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porlsion. This limited tract of country is not nearly so well supplied as 
Gonda with facilities for the study of aquatic plant lifei the majority 
of the more accessible pools being small and soon drying up as the 
hot weatsher approaches. That as much as 7 per cent of the district is 
covered with water is mainly due to the two big rivers and the canals. 
Towards the Siwaliks ponds are very scarce, a prominent feature being 
the typical “raos * (torrent beds) usually dry or almost so except 
during the rains. 

The more favourable localities within easier reach I have often 
visited throughout four cold weathers : for with the onset of the hot 
weather expeditions rapidly become less profitable from the point of 
view of charophy tes, a general decay of cold season vegetation setting 
in as ponds rapidly dry up. A more concentrated attention devoted 
to a small area has however advantages of its own. Several pro- 
mising spots were lost to me the third and fourth seasons from the 
rains ceasing rather early. To a somewhat lesser degree my pond 
hunting extended over the rainy seasons also. 

The following is a list of the species collected by me here, those 
previously recorded being arranged in the order given in Mr. Groves’ 
Notes on Indian Oharophyta^ which paper I assume to be in the 
hands of the reader. The references opposite them are to the more 
readily accessible published illustrations. 


N. mirahilis 

... Notes on Indian Gharophyta ; Notes 
on Oharophytes from Gonda- 

N. acimimta 

27. dispersa 

27. axillaris 

... Notes on Oharophytes from Gonda. 

27. mucronata 

... British Gharophyta.^ 

27. leptodactyla 

... Journal of the Linn, Soc. Botany, 
Vol.xlvi, September 1922. 

27, batraohosperma 
27. furcata 

27, patula 

27. flagellifera 

... Br, Gharophyta. 

27, hyalina 

... Br. Gharophyta. 

T.prolifera 

... do. 

0, Wallichii 

C» corallina 

... Notes on Oharophytes from Gonda, 

C. Braunii 

... Br. Gharophyta ; Notes on Cbaro- 


phytes from Gonda, 


^ Journal of the Linman Society (Botany), voL xlvi, April 1924, 
^ Groves and Ballook-Webster : Bay Society. 
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C, erythrogym 
G* hydropityB 
C. vulgaris 
Q, QQjitraria 
G> fragilis 
C.br achy pus 
0> zeylMica 

I have reoenfily compiled a small fasciculus of some Saharaupur 
charophytes and in connecfeion therewith a paper was jointly contri- 
buted by Mr. Groves and myself to the Journal of Botany.^ De- 
scriptions of two ** new species " (iV. and N.patula) appear 
therein together with some notes on the distribution of the plants 
included in the fasciculus and some remarks on ecology* 

Groves (Plate I.) 

It will be seen that the genus Nitella is primarily divided into 
those species with branchlets uniform and in one series (Hommocle- 
mae) and those with branchlets of varying length and nature and 
arranged in three series (Heteroclemae). As of the Indian species so 
far recorded there is only one, 27, (which is readily distin^ 

guished from all others) falling within this latter division we may pass 
on to the next sub-di vision of the former into those with dactyls 
(ultimate rays of the branchlet) consisting of a single cell (Anarthro- 
daetylae) and those consisting of two or more cells (Arthrodactylae). 
There are only two Nitellas with single-celled dactyls, 27. mirabilis 
being one of them. This plant is dioecious whilst the other, 27. aou» 
mmata, is moncecious. Identification should therefore present no 
difficulties as it differs to a marked degree from all others, the most 
peculiar feature being the clustered long-stalked reproductive organs 
(text-fig. 1.) The bunches of red antheridia make it very conspicuous 
in the water* . . 

In Notes on Indian Gharophyta this species is described as 
glmocephala ? ** with the remark that the very young fertile heads 
of both plants appear to be enveloped in a slight mucus cloud. 
According to my observations the young male head is normally com- 
pletely surrounded by a substantial mass of mucus. This can be 
made out fairly well in the accompanying plate which includes both 
male and female examples of this species. The female head has only 
a slight trace of mucus on it. Seen growing it is a delicate looking 
plant, usually about a foot high and of a decidedly lax habit, feeling 


^ The Journal of Botany f December 19^7, 
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to the touch like a mass of filamentous algae in spite of the lime 
incrustation. On one occasion I came across a dwarfed form which 
bore no signs of any mucus. 

Lime incrustation isa very common feature amongst charophytes 
and is generally more or less uniform or else annular in character. 
The authors of British Charopbyta write* that “many species- appear 
to flourish most in water charged with a considerable .quantity of 
lime, which they take up readily in the form of incrustation, not only 
on the exterior but beneath the cortex of the stem and brahchlets. 
This calcareous incrustatiion adds greatly to the rigidity of their 
structure.” And of the genus Nitelld they, remark that “the incrusta- 
tion when present is almost always annular in character, the bands 
being approximately of the same width as the spaces between them. 
We have not met with any explanation of the cause of this phehome- 
non which is apparently peculiar to the genus, Tolypella nidifica mi 
a few Gjiarae'* With reference to the last remark I may repeat here 
that I found in the Gonda district * some G, ^eylanica with .annular 
incrustation. . . ; : . 

On the question of rigidity it is worth noting that in W- . 

Us it almost invariably tak^s the form in the case of. the dactyl of as 
many as ten narrow rings with usually a coating of lime at the : 
exposed end (a feature often found amongst lime banded charophytes) , 
whereas it takes, quite a different form for .. .instance in .C^ Bmmii ^ 
wherein the braneblet the much broader rings always app.ear singly , 
in the middle of the internode-. The 0. Braimii pattern would be of 
little use to strengthen the long slender- internod.e of N* mirahiUs:: 
where the binding takes the form -adopted by the makers of split carie . 
flashing rods. This kind of ring is clearly depicted in the ^beautifuI . 
plate of this plant in Notes on Indian Charopbyta. The drawing, 
shows this in the female: it may occur of course in the male a.s WelL^ 

General incrustation is confined to the corticate Oharas and steenj^s * 
to be particularly developed in those species e.g. C. mdgariSt^ Q. 
trctria^ 6\ zetjlanica and G. hrachyptis which ordinarily grow in 
masses. In such surroundings some form of strengthening would- 
appear of special service. In the more solitary 0, fragilis I find 
little if any lime except when it occurs in running .water : eliaro- 
pbytes in such a habitat tend to be heavily incrusted. It may be . 
mentioned that the lime is not always taken up evenly.. For instance 
I noticed in some C. hydrapitijs that the corticate segments of the 
branchlet as well as the stem were thickly incrusted while the ecorti- 
cate segments bore none at all. 

In January 1926 I found a small pond almost completely carpet- 
ed by C. Brmnii in . a young state to the exclusion of every other 
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charophyfee but; a few very stunted plants ot mirabilis in om 
corner. A peeuliarity at once noticeable about the latter was the 
substitution of the usual type of lime ringing by the 0. Bratmii form, 
there being for each internode but one band and that too abroad one. 
But correlated with this was the much reduced length of the internode. 

This feature appears to have no connection with protecbion from 
being eaten : for charophytes whether incrusted or not appear to be 
nobody’s fodder, even the voracious water snails that often frequent 
them not fancying them as food though not despising them as an 
occasional site for an egg mass. 

N. mirabilis occurs here fairly plentifully wherever the bottom 
consists of really soft mud. It is always very regular in its time of 
appearance, never commencing till December. It evidently needs 
plenty of sunshine not ordinarily obtainable till the decay of the 
exuberant submerged vegetation of the rainy season has cleared the 
way, and prefers to have plenty of room to itself, 

Nitella acuminata Braun. 

Though closely allied from the point of view of classification the 
present plant bears little resemblance to A7, mirahilis^ tbeir similarity 
in both having one-celled dactyls being only revealed with the aid of 
the microscope. Though the two species agree in the branchlets 
being but once forked acuminata is of a much more substantial 
build and shows a greater inclination to spread. It is monoecious. 
A character that readily indicates this species in the field ** is the 
tufted form of the young branches. (Text-fig. 2). It is not likely 
to be confused with any other charophyte. The plant’s particular 
feature from which it derives its specific name Is the very long sharp 
point to the dactyl. (Text-fig. 2 n). 

The species has wide range in the tropics, more or less encircling 
the globe, and has been recorded from various parts of India. It 
grows very freely in masses during the rains. 

Nitella dispersa Braun. (Plato II). 

Here we pass to that large subdivision of the Nitellas whose 
dactyls consist of two or more cells. Seen growing the present 
species is not unlike a tall form of N. mucronata though more forked 
and with more rays and normally not fruiting at the first furcation. 
It is however readily distinguished from it by its dioecious character. 
There are only (apart from N.mirahilis above mentioned) two other 
dioecious Nitellas recorded as yet from India, the material in both 
cases being so scanty that neither has yet been assigned a name. 
They are nos. 4 and 15 in Notes on Indian Charophyte. 
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My flrsfc specimans of 6hia planfc gathered on November 8tli 1923 
proved rather a problem even under expert examination. Prior to 
my finding this species the only records were Braun*s from the Cohcan 
and Assam. The special features of Braun's plant are the two-celled 
dactyls, ultimate ceils conical, dioecious, branchlefes up to four times 
forked, dactyls three to five of unequal length and the primary rays 
elongated. 

The peculiar feature of my plant is the presence of curious long 
allantoid (sausage shaped) ultimate cells in many of the dactyls while 
in others there is the usual conical one. (Text* fig. 3). This ray 
with the long ultimate cell is often the principal one i.e., the axial one. 
Nodes may however for instance occur in which a ray proceeds to 
furcate, while the other lateral rays are very elongated and have the 
excaptionai allantoid apical cell. This long ultimate cell does not 
occur unless the penultimate cell is also elongated, the former 
comprising as much as half the ray, though there also occur very long 
dacbyls with the ultimate cell of the usual short conical form. 

On the first occasion I gathered this plant the strange elongated 
cylindrical ceils were fairly plentiful which led to the suspicion that 
this might be somethiDg different from Braun’s plant where the 
occurrence of this cell is not mentioned. In a subsequent gathering 
on 2nd December there was a fair amount of the unusual cell on the 
male but scarcely any on the female. The irregular occurrence of 
this cell taken in conjunction with the fact that it otherwise agrees 
fairly well with N* disperm--ioi instance this and the Assam plant are 
alike in the oospore membrane having imperfect reticulation with a 
tendency towards a line across the intervals— eventually led Mr. Groves 
to conclude that my plant belonged to this species and that evidently 
in the specimens of N. dispersa smu by Braun it did not occur or he 
would certainly nave mentioned the fact. In some further gatherings 
of this plant in November 1926 there appeared to be two forms, one 
rather lax and the other of stronger build. The quantities ot anther- 
idia ail over the extremities somewhat resembled in miniature a lot of 
little oranges growing on a bush. Some pieces I gathered on one 
occasion I thought at the time to be Covered with ripe oospores but on 
examination they proved to be quantities of Stentor niger I 

On 8th Jan. 1924 I cama across a still more puzzling plant 
(Plate II) in the same place as I had found the N, disperm. In fact 
my special object in visiting this pond was to obtain some more 
material of my unusual find. Thanks to several days’ recent rain 
which is always liable to occur in these parts at this season and is 
known as the XmdjS rains I found as I anticipated a much enlarged 
pond and the water like pea soup. The only thing to do was to resort 
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-to the grapple and wifeh this I managed to haul in a large mass of 
Nitellas mixed up with a lot of G. BraimiL This method is not one 
to be recommended if specimens can be secured in any other way as 
the task of disentangling is tedious and rather disappointing as the 
material is bound to suffer in the process. Sorting it out proved to be 
more than usually difficult in the present case; for in addition to 
much N. dispersa above mentioned I also noticed a species that con- 
sisted of amass of tufts which acted like so many burs and interiocked 
In the most exasperating manner. The plate a very fair idea of 
the general appearance of the plant. 

The main features are as folio ws : dioecious, dactyls all two- 
celled, ultimate cell normally conical, generally three furcations, the 
first and second internodes being very long comparatively and the third 
yery short Le. much shorter than the dactyls so that the plant has 
the appearance of a lot of little tufts at the end of long branchlet 
internodes (Text-fig. 4). Incidentally the dense tufts as so often 
the case with Nitellas were a mass of dirty particles and it was not 
very easy at first to make out the third furcation. The enveloping 
cells of the oogonium seem to be rather large compared with the 
oospore while the coronula looks small. The reproductive organs are 
numerous and crowded together at the third furcation. 

Mr. Groves found this plant had much in common with my 
N. dispersa except for the shortening of the upper rays giving it a 
tufted appearance and the oospores being shorter : the oospore mem- 
brane of both is similar. His final Verdict is that this plant must be 
referred to N, dispersa in spite of the difference in vegetative growth. 
Occasionally an allantoid cell is to be found in the tufted form as well 
though neither this ultimate cell nor the dactyl is nearly as long as is 
found in the other form. “ The capitate form,*’ he writes, “ collected on 
8th Jan. looks very different but capitate forms occur in many Nitellas 
and our common British species vary so much in this respect that the 
extremes look quite unlike the same species.’’ It is curious that these 
two forms should have flourished together. 

Nitella axillaris Braun. (Plate III). 

This very peculiar species I did not meet with till the rains of 
1926 when I devoted considerably more attention to charophy tea than 
in previous wet seasons. Its chief characteristic lies in its reproduc- 
tive organs being entirely borne on special little much crowded axillary 
branchlets. Once examined it cannot be confused with anything else 
though its close superficial similarity in a young state to N- acuminata 
in the midst of masses of which the plant occurred very sparingly 
deceived me somewhat at first. 
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Ife is very near W. which occurs in England bufe in 

my pianfc fihe litfiie heads are always axillary. These fruiting heads 
are as many as five at a whorl. The branchlets at first sight look 
siDgle-celled but the lens discloses a terminal furcation into two or 
three minute sharp-pointed 2 celled dactyls. 

This is the only Indian record of this plant. It has not been 
mentioned from the mainland of Asia before. 

In the two ponds where this species occurred it was always 
closely associated with N: acuminata, I noticed it as early as Aug. 
20th : they both disappeared as soon as the rains ceased. 

Nitella oaucronata Miquel. 

The Nitellas,” writes Mr. Coves, “ present many difficulties in 
classification. In such a plastic genus it is difficult to see what cha- 
racters can be trusted to discriminate species.’* Now N, mticronata is 
a sort of miscellaneous department: plants that cannot be got to fit 
in elsewhere and yet do not possess sufficiently pronounced constant 
differences of their own to warrant the creation of a new species are 
apt to find a home here. “ In this all too large a category,*’ writes the 
same authority, “ I have had to place a good number of doubtful plants 
from various parts of the world.’* 

In spite of all this the commonest and typical form is not difficult 
to distinguish. It grows in a short roundish clump and for a Nitella 
is quite stiff. If all charophytes behaved as this does making satisfac- 
tory dry mounts would present few difficulties : after the excess water 
has drained off the branchlets soon spring up again and tend to re- 
cover their natural position, The furcation of the branoblet is of a 
comparatively simple and regular character. The primary ray is 
never more than half the length of the whole brauchlet : usually 
there are only two forks and the rays at the second forking but two 
or three, reproductive organs occurring at all the nodes. 

Under the micrcscope the dactyls will be seen to consist generally 
of two cells but occasionally three while the narrow end-cell is perched 
muoro-like on the rounded lower one, this peculiarity giving the plant 
its specific name (Text-fig. 5). This form is common in shallow 
open water in the earlier portion of the cold weather and prefers nice 
soft mud. 

I have found one or two other forms that provisionally have to 
be placed under this species but although they differ considerably 
from the normal form descriptions would npt I think serve ajuy useful 
purpose, 
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Nitella leptodactyla J- Groves. 

My hunting in the cold weather of 1924-25 was seriously inter- 
fered with by the extensive floods, unprecedented locally in the 
memory of man, that occurred at the end of September. This gave 
rise to a dense growth of coarse grass round the ponds and when at 
last they appeared again as such after being lost for weeks in a watery 
waste the muddy zone usually made accessible by evaporation in the 
cold weather instead of being rich in charophytes was often a tangled 
mass of floating grass ends. I was rewarded however on 10th 
November by a prize in the shape of an extremely slender Nitella 
with very bushy whorls due to the numerous branchlets and their 
many furcations. It proved to be N Mep to dactu la hlthev to only 
recorded from Ceylon and first described by Mr. Groves in his paper 
on Mr Blow’s collections from that area. The plate aocompanyiDg 
that paper really makes further description unnecessary. Of this 
plant Mr. Groves writes that he thinks it quite the daintiest he has 
yet handled, the ultimata rays being only 25 to 30 M in diameter. 
He makes it out to be mucus beaded though only apparent in 
quite the youngest heads. I had noted down in my diary “ no signs 
of mucus *' so it is evidently not conspicuous. He is not however 
disposed to set much store by this mucous eharacter to distinguish 
species as it is not constant. A striking example of this is 
N* batraohosperma : the European plant sometimes has the mucus so 
pronounced as to have given rise to its specific name whereas my 
Gonda plant as also my Saharanpur one had none. 

The occurrence of this plant well illustrates the very capricious 
appearance of charophytes. The particular pond in which I found ifc 
is quite small and the open parts can be fairly thoroughly searched in 
under half an hour. As it received considerable attention from me 
during this period in 1923 it is improbable that I should have over- 
looked this species had it been present then. Stress is laid on this 
characteristic in British Oharophyta where an instance is cited of a 
collector who would not give away the locality of a rare species he 
had found. The authors remark in that connection that “ had he 
been aware of the true nature of the Nitellas— the practical impos- 
sibility on the one hand of ensuring their permanent growth, and on 
the other of effecting their extermination— he would scarcely have 
maintained his silence.” I have not succeeded in finding this plant 
again. Eor two succeeding years the locality was under crops. 


^ On Oharophyta collected by Mr. Thomas Bates B’ow, F.L.S., in Ceylon, 
Journ<^l Linn> Botany, vol. :slvi, September 192?. 
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Nitella batrachosperma Braun. 

The minufie size of this planfe, the smallesf; of all the Indian 
Gharophytes, will help to disfeinguish it : but for this very reason it is 
probably often overlooked. There are generally eight branchlets to 
the whorl: the dactyls are very long and narrow (Text^fig. 6) ; 
usually twice forked and with gametangia generally at the first 
furcation only. The oospore ridges have conspicuously broad 
flanges. 

Of Indian plants it most nearly resembles N. temimima of which 
there is but a single record of t?ar. hyssoides by Braun a hundred years 
ago from the Coromandel coast. So far as my experience goes it 
occurs very sparingly here. I have found it on but two occasions 
only. Happening early in December 1924 to examine a little roadside 
pool, I came across this species though taking it at first to be 
N.m’icromta, It was a distinctly larger plant than the Gonda one 
reaching 10 cm. in height. My next meeting with it a year later was 
very unexpected. I was engaged in searching a reach of the river 
Damola, a fairly rapid shallow stream though frequent bends lead to 
the formation of many more or less stagnant pools. This species is 
particularly partial to extremely fine mud such as would not occur in 
a stream. The plant had howeyer found a very efficient substitute in 
a mass of decaying filamentous algae, a softer bed than which is hardly 
possible. The specimens were very minute like the Gonda ones which 
were also found in very shallow water. It is worth noting that in 
Ireland it occurs in four to six feet of water. My present record and 
that from Gonda are the only two so far from India. 

Nitella furcata Agardh (= J7. Braun), (Plate IVJ. 

This species belongs to a group of four in which some at any rate 
of the dactyls are conspicuously short and are hence known as the 
Brachydactylae. These dactyls are divergent and generally arise from 
a sterile node. (Text-fig. 7 a). The distinguishing feature of the 
present species is the extraordinarily tall coronula due to the colls of 
the upper layer being prolonged into sharpish points. This upper 
layer though normally straight sometimes adopts a very irregular 
shape (Text-fig. 7 b). The coronula often presents a somewhat 
striking resemblance on a microscopic scale to the persistent projecting 
calyx of the pomegranate fruit. To make out this peculiar feature in 
the coronula requires some care but once seen there is no mistaking it. 

I had at one time contemplated including another of the four, 
N, microcarpa, in my Saharanpur list but on a further examination of 
the very limited material available I hardly felt this was jastified. In 
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both these species the oogonia are clustered. The coronula of 
N. mic^ocarpa. is normal but between the two there are regular 
gradations. 

Happening to devote much more time to charophyte hunting in 
the rains of 1926 than in previous years I found N. furcata to be quite 
a plentiful species at that season/ Earlier specimens of it collected at 
the beginning of the cold weather had been in poor condition. Indian 
records of it are very meagre : it occurs in Ceylon and a few other 
scattered places such as the Coromandel coast and Pegu. 

Nitella patula Groves and Alien, 

On 12th October 1926 I chanced during my rounds to revisit a 
small pond and nearly paissed it by as unprofitable as there was such 
a dense growth of rushes round the edge. Luckily however I was 
prompted to have a look at the small patch of open water in the centre 
of the pond and to my great surprise found a mas^ of a beautiful 
Nitella in splendid condition in nice deep water. For the time being 
this had to be relegated to N^ mucronata sens. lat. but cioser examina- 
tion has lad to its being pronounced worthy of specific rank : it is 
described in the Jodirnal of Botany as mentioned above. It resembles 
N. fur cat a in habit. Its most marked characteristics are the larger 
number of furcations and rays and the oogonia being solitary : thd 
oospore is light brown. 

Nitella flagellifera Groves and Allen. (Plato IV). 

This has also been recently described in the Journal of Botany, 
On 24:th October 1926 in a pond adjoining that where N, pattda 
occurred I found a plant that I realized at once was different from' 
anything 1 had gathered before. It was after -the style of a stiff iV. 
ruucronata but its fruiting was most peculiar. At most stem whorls 
there was produced at the first two furcations bf the branchlets a 
separate little shoot (flageilum) bearing many reproductive organs : 
hence its specific name. The illustration shows the rather character- 
istic shape of the branchlets. 

Nitella hyalina Agardh. (Plate V). 

This pretty little species is the only Indian representative of the 
"section Heteroclemae. The branchlets in each whorl are in three 
series, the upper and lower being short and alike, the middle one much 
longer and more forked. The existence of two distinct kinds of 
branchlet is very easily made out and renders this plant a simple one 
to ideatify; Seen growing it is also readily recognised by its small 
i^oundish whorls separated by very long internodes and by its generally 
having such a lot of mucus on it as to give it quite a jelly-like feel. 
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I found a couple of lifcUo tuffes of this species on iSfjh Oclsober 1923: 
there was rather less mucus than usual. This is the only occasion I 
have coma across this pUnti at Saharanpur which is rather surprising 
seeing that it was particularly common at Gonda and has a wide 
distribution in India and the world generally. A visit to the spot 
about the same time another year disclosed no signs of it. 

Tolypella prolifera Leonh. (Plate V). 

Judging from my own brief experience the only member of this 
genus likely to be found in this part of India is the present one. 
ToltipBlla is distinguished from Nitella by the antheridia being lateral 
instead of terminal but a glance at the accompanying plate will show 
that the general appearance of the two is very different. The most 
conspicuous feature of T. prolifera is the presence of long sterile 
simple, i.c., nonfurcating, branchlets. The only charophyte for which 
I have on one occasion mistaken it in its natural surroundings was a 
form of 0. contraria in which there occurred at the lower nodes a 
whorl of entirely ecorticate sterile branchlets that thus produced a 
distinct superficial similarity between the two, especially as they were 
growing all mixed together. The ultimate cells of the present species 
being conical is a character that definitely distinguishes it at once 
from the other two^Tolypellas recorded from India. (Text-fig 8.) 

2?. prolifera like many other charophytes is remarkably constant 
in Its time of appearance. It commences with December and flourishes 
for rather over a couple of months : it occurs very sparingly. Gonda 
was its first Indian record : I hear that it occurs also in South India. 

Chara Wallichii Braun. 

The genus Ohara to which we now pass is primarily divided into 
those with a single row of stipulodes (Haplostephanae) and those with 
a double row (Diplostephanae). G. Wallichii belongs to a further 
sub-division of the former comprising three ecorticate species that are 
all found here, being easily distinguished from the other two by its 
dioecious character. It should be added however that in 0. Wallichii 
as well as in 0. corallina the stipulodes are usually much obscured by 
the gametangia which in both these species are produced freely at the 
base of the whorl. 

In life it is a large robust angular-looking plant, rather spiky 
in appearance and very brittle (Text-fig. 9.). The antheridia are 
particularly large, much exceeding in length the oospores. It is fairly 
frequently met with in this area and grown singly in clumps. It is 
probably a good deal commoner in the Gangetic Plain than the 
meagre records indicate. I have recently had specimens of it from 
Benares and found it at Gonda and Lucknow* 
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fPlate YI)* 

Thougb very different; in general appearance this plant has not a 
great namber of characters distinguishing it from CyBraunii. Vo 
produces gametangia at the base of the whorl as well as at the brancfalet 
nodes while G, Bratinii has none at the former (Text-fig* 10)* 
The oospore is far larger than that of 0. Bratinii, The branchlet cells 
of C. coralliita tend to be very swollen and the plant is very brittle 
while the other species is distinctly flexible and slender. 0. coralUna 
is usually a very robust plant often growing in largish clumps by 
itself. When growing amongst fairly thick vegetation the stem inter- 
nodes are often much elongated and the whole plant as tall as two 
feet whilst the gametangia are generally borne on rather crowded 
branches near the water surface. Lime incrustation is usually 
annular in character. The branchlets though closing together at the 
tips in the young state project conspicuously when older and may 
reach the great length of over 8 cm, whereas those of C. Braunii are 
usually very regular and 2 to 3 cm. in length. These exceptionally 
long branchlets are sterile- 

0. coraUina fairly common and may be found throughout the 
cold weather being at its best, like 0. Bratmiit in January anS 
February. It is widely distributed in India. 

Chaira Braunii Gmel. 

This is quite the commonest charophyte here. It may be found 
freely in almost any pond one visits in the latter half of the cold 
weather and struggles on right through the hot season as well. 
Though I did not find this plant common at Gonda, failing in fact to 
run across it my second season there, it has a wide range in India 
even reaching 6,000 feet in the Western Himalayas and is found in all 
the continents of the world. 

One noteworthy feature Is the extremely short terminal segment 
of the branchlet (Text fig. 11 a). This segment is only about the 
same length as the two or three developed bract cells and consequently 
presents much the same appearance on a larger scale as the tip of a 
brachydactylous Nitella branchlet. Its synonym oi coronata is due to 
this peculiarity. It not infrequently grows in huge patches. 

Chara erythrogyna Griffith. (Plate YI). 

In general appearance this plant bears little resemblance to the 
three Oharas already mentioned. It looks more like a small form of 
G, zcylanica,'' It will be seen from the illustration that the whorls 
are far apart and the branchlets comparatively short and stiff. Though 
belonging also to the haplostephanous sub-division it differs from the 
first three in the stem having a cortex though the branchlets are 
entirely ecorticate. 

]' 943— 3 
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There are only two other Indian species in which these two fea- 
tures are combined. G. erythrogyna differs however markedly from 
them in the peculiar fact that as a rule at the branchlet node either 
oogonia or antheridia are present but not both whereas in the other 
two both may occur together in the ordinary way. The segregation 
of the male and female reproductive organs seems to be carried even 
further than this : for I often found a whole branchlet and not merely 
a node to be either male or female. 

Griffith who first named the plant states that this plant is re-- 
markable for the red colour of the females. The colour of the oogonia 
is?a fine deep reddish brown. The antheridia being bright red as is not 
uncommon amongst charophytes the combination of the two produces 
a very pleasing effect. 

This species has a whorl of from 13 to 16 branchlets : the seg- 
ments vary from six to eight. In my plant I have not noticed more 
than 13 branchlets or six segments. The main stem is particularly 
tough which is fortunate as disentangling it for herbarium purpoBCs 
is difficult. , 

Braun distinguished another species as C. Thiuaiiesii that hails 
from Ceylon. The alleged characteristics of it are the short stipulodes, 
the branchlets being ten to twelve in a whorl and the segments 4 to 5, 
Of these three points much the most noticeable is the first but 
Mr. Groves has little opinion of this character as it is extremely vari- 
able in this section : vide iov example his remarks under G.flaccida in 
his paper on Mr. Blow*s collections of charophytes in Ceylon that 
** there is often considerable difference in the length of the stipulodes 
even on the same plant.*’ He is of opinion therefore that the Ceylon 
plant is probably a variety of G. erythrogyna* In Braun’s Eragmente** 
G. appears under the name of C« 

The recorded distribution of this species is very meagre viz* from 
the Gangetic plain only except for the Ceylon variety. Ik is not 
mentioned however in the Ceylon paper which was confined to two 
.collections in 1895 and 1898 by Mr. Blow who apparently did 
not„ come across the plant. Curiously enough one of the few previous 
records from the Gangetic plain is the Saharanpur Botanic Garden. 
In these famous gardens however the only spot that was once probably 
a small pond does not appear to. hold water nowadays. 

Chara hydropitys Reichb. 

This species is closely allied to the last and not at all unlike it in 
appearance though considerably smaller. In both the stem is corti- 
cate: in the present specie's the branchlets are mainly corticate but 
the lowest segment is always e^ortioate. 
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I found this species on one oeoasion only September, 1926 : 
it was in evidence for a very short time as it was growing in shallow 
water at the edge of a pond that rapidly dwindled* 

There are few Indian records of this species ; it has beeh^^^ to 
in Bengal and Ceylon and I collected it at Gonda. I have also receiv- 
ed specimens from Coimbatore. 

Chara vulgaris L. (Plate II). 

This plant is recorded from all over India and has in fact a world- 
wide range. It is somewhat surprising that I did not find it at 
Gonda. It is a species that revels in variations though the authors 
of British Oharophyta remark with reference to Dr. Mig ala’s elabor- 
ate enumeration of 70 European varieties that “ it is difficult to sea 
that any useful and'is served by the attempt to make minute distinc- 
tions between plants that are evidently mere states.*’ The causes of- 
these variations moreover are not apparent as plants are found under 
similar conditions in adjacent spots and yet showing slight differ- 
ences. Eour of the most noteworthy British varieties are figured in 
plate XXIX Br. Charophyta, voL II. 

Much the commonest form in Saharan pur (Plate II) evidently 
tends towards vbx. long ibracteatcby the particularly lengthy anterior 
btacteoles and bract cells showing up quite clearly. It is noteworthy 
that these bract cells should be very long while the stipulodes and 
spine ceils are not correspondingly developed, which is contrary to 
the usual practice amongst charophytes. With reference to my plate 
I should mention that the contortions represent the plant’s natural 
state, a feature quite in keeping with its general wayward habits. 

It grows in dense masses as a rule. The strong odoUr it emits 
makes its old synonym of “ /oefida ” particularly appropriate. 

As I mentioned in my Gonda paper the species most nearly 
resembling 0. vulgaris is C. tontrmia. They both belong to the 
diplostephanous sub-division of the genus, the most readily distinguish- 
able difference between the two being that in the former th® spines 
seem to lie in furrows i.c. the secondary series more prominent than 
the primary (aulacanthous) whereas in 0.' contraria the exact reverse 
is the case, the primary spine bearing series being more prominent 
than the secondary (tylacanthous). A comparison of plates XXVIII 
and XXXIII Br. Ch. voL II will make this point abundantly clear, 
though in practice the irregularities of the cortex often necessitate the 
examination of a young shoot before recognition is at all certain. The 
SjBries that is the larger in girth when viewed in cross section will 
naturally be the broader in surface view. 
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^Eheife k akoateAdency with 0. mdgarts iot the two row 3 of 
stipulodos to be neat and equal in size whereas in G. contrdria the 
lower is often irregular and smaller than the upper. So far as I have 
noticed the apes of the branchlet of C. contraria has always a few 
ecorfeicate segments this tendency being less pronounced in G, vulgaris^ 
The ripe oospores too of G. contr aria are black while those of 
G> vulgaris are usually dark brown. They may further be distin- 
guished by the marking on the oospore membrane. The decoration in 
0. contraria is known as granulate, the granules being all contiguous 
while in 0 . vulgaris it consists of separate little tubercles. 

Ghara contraria Kutz. 

This plant also tends to vary somewhat. In general appearance 
it is rather neater than 0. vulgaris and often has a slightly bluish- 
green tinge about it. I have referred above to a form with ecorticate 
lower branchlets. 

As at Gonda I found this species a distinctly cold weather type : 
it does not seem to germinate before the middle of November. It is a 
common plant in Indian waters and is found in all five continents. 

Ghara fragilis Desv. (Plate I). 

Though not unlike in general appearance the other two triplo- 
stichous species, 0. and C. zeylanica, it differs in being 

of a solitary disposition though often growing in clumps. The 
branchlets tend to be longer and though not spreading out much near 
the node generally develop graceful curves towards the free ends. 
There are usually only three or at most four fertile nodes to the 
branchlet, these being situated at the base of it and thus leaving a 
long bare upper portion. The stipulodos and spine-cells are always 
very inconspicuous, even rudimentary, and blunt in outline. There 
is little lime incrustation as a rule. 

Though not occurring anywhere abundantly it is often come 
across locally and has a world -wide distribution. 

I should add that Prof, N. K Tiwary of the Benares Hindu 
University recently sent me a plant he gathered at Benares in 1924 
that proves to be 0. delicatula Agardh. This is the first record of it 
in India. It closely resembles G. fragilis but is mainly distinguished 
by the primary cortical cells being larger than the secondary, whereas 
in G, fragilis they are both of the same size and by the stipulode cells 
being more or loss elongated instead of rudimentary as in G. fragilis 
'and the spina*cells being papilliform instead of hardly visible {vide 
plates XLIII and XUV Br. Gb,, vol. II). 
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Chara brachyptis Braun. 

A feypical tropical species that grows in dense masses in the rains 
and early coid weather. It is usually heavily incrusted, a fact which 
doubtless accounts for its exceedingly brittle nature. It may be readily 
distinguished by the lowest branchlet segment being .very short and 
incidentally colourless or nearly so (Text ,fig. >)• very 

pale colour may I think be due to this segment apparently not taking 
up lime, a feature shared by the coronula amongst cbarophytes, this 
latter part being consequently never found in the fossil state. The 
stipulodes being elongated and both they and the spine cells being 
aeuto afford a marked contrast with C. fragilis. It seems partial to a 
firm soil : I have never found it growing in soft mud. 

Chara zeylanica Willd. ^ 

This is a rather variable species and flourishes at the end of the 
rains and grows in masses. As soon as ever the cold weather sets in 
it dies down altogether.- Though after the style of 0. brachypus it is 
very easily distinguished under the miscroscope by the lowest 
branchlet segment being ecorticate (Text fig. 13). This segment 
is usually much shorter than the others but I found one form where 
it was as long as the other segments. G, hydropity s also has the 
peculiarity of the lowest branchlet segment being without any cortex 
but this latter plant is otherwise quite different and belongs to the 
haplosfeephanous sub-division of the genus. C, zeylanica is , common 
here and widely distributed in India. 

This district may be considered to have a very rich charophyte 
flora. In the cold weather hardly a pond that is free from disturbance 
by man and beast will fail to produce a few species. On one occasion 
a tiny roadside, patch of water not thirty yards across that would 
normally dry up early in the cold weather to my surprise yielded no 
less than seven different species. My list of 22 local species amounts 
to just half the total so far recorded from India. 

The commonest species are N. mirahilis, N, aouminata, N,f ar- 
eata, N» mticronata, G, WalUchUi G\ Braunii, 0. coralUna, G» erythro-^ 
gym, G. vulgaris, G, contraria and G. fragilis, The list includes two 
new species and one new record for India. 

A comparison with my Gouda list amounting to sixteen shows the 
addition here of N. dispersa, N, axillaris, N, fureata, N, leptodactyla 
and the two new Nitellas, G. and 0. but the 

absence of Lychnothamnus harhatus and G, gymnopitys, though the 
former was abundant there. Of two of the species common to ‘ both 
districts G. Braunii was scarce at Gouda but the commonest and most 
wide-spread hero while N, hyalina so common at Gouda was as 
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already mantioned oaly met wifch on one occasion here. The periods 
during which I found the different species to flourish is shown in the 
aocompanying chart. None commence after January though ten of 
ihy list I have not seen appear before November. Eew survive far into 
the hot Weathar, Th^ periods agree pretty closely with my obserfa- 
tions at Gonda with regard to tha species common to both areas. 


Chart showing the periods during which the different species were 
found to flotiTish* 
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Explanation of Ptates 

I- mirabilis. — Showing on the left the male plant with 

antheridia in masses of mucus and on the 
right the female plant (about f natural size). 

C. /rugfiZiS.— - Bather less than f natural size. i 

, IL N. dispam.— Capitate form, (about r natural size). ^ 

G. vulgaris ,^ — Rather leas than f natural size. 

Ill* N. axillaris, — (a) Whole plant rather less than half natural 
size*. (Z>) Enlarged portion about double 
natural size* . •• ■ 






Plate II. 















prolifera. 
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IV. N, furcata*'--‘ A well grown planfc m a young state. The 
smaller portion represents an old plant from 
shallow water. Both about I natural size# 

AT. About I natural size. 

V. V. About f natural siz0t 

T. proii/^m.— Rather lass than | natural size. 

VI. 0. coralUna , — {a} The whole plant represents a well grown 

specimen ; about i natural size. 

(b) Enlarged portion (about natural size) 
showing the swollen branchlet cells ; in a 
young state they close over at the tips. 

C. ^Jry^/^rogw.•— About i natural si^e. 

Explanation of text-figures 1—13# 

Fig. 1. N, mirabiliSs-rClaster of ripe oogonia. ] 

B1g. 2. N. acuminata. ---{a) Apices of dactyls. 

{h) Terminal whorh 

Pig. 3. AT. d^persa.— Allantoid ultimate cells of dactyls. 

Pig. 4, AT. dlspersa.— {a,b.) Somewhat elongated ultimate cell 

of dactyl. 

(c) Normal ultimate cell of dactyl. 
id) Portion of branchlet showing 
secondary tertiary and quater- 
" ; nary rays. 

Fig. 5. AT. mticronata. — (a) Typical apex of dactyl. 

(6) Three-celled dactyl. , , ; 

Pig. 6. Apices of dactyls. . / 

Pig, 7. N. furmta* — (a) Apices of brancblets. 

(Al Oogonia showing elongated corQ- 
nula. 

Pig. 8# T. prolifera. — Pruiting branchlet. 

Pig. 9» CJ. WanicAii.— Apex of branchlet. 

Pig. 10. C. GoralUnar^ (a) Apices of dactyls. 

(A) Stem node with branchlets. 

Pig. 11. 0. Braunii. — (<3^) Apex of brancblet. 

(A) Branchlet whorl. 

Pig. 12, 0. brachypns, — {a) Stem node, • 

(A) Branchlet node. 

Pig. 13. C. zeylanica » — Stem node. 
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PART V. 

{Continued from p, 43, Vol. VII, No. 1). 

IV. A Corttparison of the Vegetation of the Indus Delta 
with that of the Sundribuns. 

We reproduced on the first; page of this article a statement made 
by J. D. Hooker in his * Sketch of the Flora of British India * : The 
Indus Delta repeats the vegetation of the Sundribuns of Bengal, with 
a greatly reduced number of species*” Let us see how far this is 
correct. 

1. Number of species. 

If we consider the indigenous species only (and we shall do this 
throughout) we arrive at the following data for the two regions.^ 


Region 

Families j 

n i 

Genera j 

Species 

Ratio 

Indus Delta 

61 * 

184 

279 

1:3: 4-5 

Sundribuns 

72 

230 

304 ? 

1 ; 3-1 : 4-2 


The difference in the number of species in the two areas is only 
25 in favour of the Sundribuns. When counting up the species of 
this area we considered all the entries made by Prain which were not 
marked with an asterisk. Prain distinguishes by this’^sign the plants 
which are planted or cultivated. 

There are at least about a dozen plants in Prain’s list which he 
did not mark with an asterisk, but which might be put under the 
introduced plants. But this is, in most cases, a difficult question to 
settle and scarcely two botanists would agree in individual instances. 
In addition, we must not forget that the Sundribuns are much better 
explored than the Indus Delta. Prain says in the Introduction that 
the investigation of the flora of the Sundribuns has occupied the 
attention of the officers in charge of the Royal Botanic Gardens 

^ AU the information regarding the Sundribuns is baaed on D. Praiu, 
Plora of the Sundribuns. In Ecc Bot. Surv, M, II (1903) no. 4, 
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since 1796. Man like Griffifeh, Ealco^^^^^ Thomson, Clarke, Gamble, 
Heinig, Gammie and Prain examined that area and what the latter 
offers ns in his monograph is the combined result of over a 
hundred years’ effort. Whilst systematic . exploration was going 
on in the Sandribuns all the time, the vegetation of the Indus 
Delta was practically neglected, except for the meagre and very one- 
sided information we from time to time receive from the Forest, 
Agriculture and Revenue Departments. We have reason to believe 
that the flora of the Indus Delta as soon as bettor known will prove 
numerically richer in species and genera than that of the Sundribnns. 
We are not so sure that the same will be the case with regards to the 
numhar of families. According to our present knowledge the ratio of 
families, genera and species is about the same in both areas, viis, 1 : 3 ; 
4, roughly taken. 

The following table shows. the relation between the Dicotyledons 
and Monocotyledons in the two areas. The Monocotyledons are 
better represented in the Sundribuns than they are in the Indus Delta : 


Eegion 

Dicotyledons 

Monocoty- 

ledons 

Eatio of 

Genera|sp6cies 

Genera 

Species^ 

Genera ] 

Species 

Indus Delta 

139 

211 

44 

67 

31 : 1 

3-1; 1 

Sundribuns 

168 

220 

62 

84 

2-7:1 

2-6: 1 


2. Composition of the floras of the Indus Delta and the 

Sundribuns* 

A peculiar interest attaches to these two deltas : Both are situ- 
ated in the N. corner of a sea, of the Arabian Sea and the Bay of Bengal 
respectively, both are near the Tropic of Cancer, the Indus Delta a 
iitfile to the N. of it, and the Sundribuns slightly to the S., both 
are formed by large rivers taking their origin, in close proximity in the 
Himalayas, both show more or less the same topographical features, 
the flowers of both are subject to similar ecological and physiological 
influences, both are open to the immigration of species from vast areas, — 
but here the difference comes in. It is the plant-geographical position 
of the two deltas that has produced the two vastly different floras. A 
glance at the map will at once show the great possibilities of immigra- 
tion and transport by river and sea, and these possibilities are more 
numerous in the East than they are in the West, If, in spite of these 
advantages of the Sundribuns, its flora is comparatively poor, we can 
find an explanation only in the fact that the soil- and water-conditions 
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of fcbe dolfea have not been favourable to most immigrants that must 
have tried, in the course of thousands and perhaps millions of years* 
to force an entrance into the savannahs and swamps of the Snndribuns# 
It would be a fascinating study to find out what seeds of plants have 
been carried down by the rivers and washed ashore by the sea without 
ever awakening to new life. It would certainly make a valuable 
contribution to plant-geography and ecology. 

In order to get a more accurate insight into the relations of the 
two floras, and especially for the convenience of all those who fee i 
inclined to tackle the innumerable botanical and biological problems 
that slumber in the waters and marshes of the two deltas, we subjoin 
a list of the indigenous plants that up to now have been discovered in 
the Indus Delta and the Sundribuns. 


We add a column to the list which shows whether a species is a 
herb ( H ) , an undershrub ( IJ ) , a shrub ( S ) or a tree ( T ) . 


Family 

Species 

Habit 

Indus 

Delta 

CQ 

■VS p 

s ^ 

m 

Banunculaceae. 

Naravolia ^cylaniea DO* 

s 


tic 

Menispermaceae. 

Goocuhis pendulus Dtcls* 

s 




Tinospora malabarica Miers ... 

s 


* 

Nymphaeaceae. 

Nymphaea rubra Boxb, 

H 




„ stellata Willd* 

H 




Nelimbkim speciosum Willd, ... 

H 

sji 


Cruciferae. 

Farsetia Jaoqxiemontii Booh. /. 





S Th* 

H 




Sembiera pmnatifida DC. 

H 


tic 

Oappatidaceae. 

Gleome hrachycarpa Vahl 

H 




„ viscosa Linn. 

H 




Gynandropsis pent aphylla DG. . 

H 


'I' 


1 Maerua arenaria Book. f. ct Th. . 

8 




\Gadaba indica Lam. 

8 




Gapparis decidua Pax 

8 




,, sepiaria Linn. 

8 


tic 

Resedaceae. 

OcJiradenus baccatus Del* 

H 

■I: 


Bixaceae. 

Flacourtia sepiaria Eoxh. 

, 8 


tl? 

Polygalaceae. 

Polygala irregularis Boiss. 

H 



Garyophyllaceae. 

Polycarpaea spicata Wight d 





Arn. 

H 

i’l 


Portulacaceae. 

Portulaca oleracea Linn* 

H , 


tic 


„ quadrifida Linn. 

H 



Tamaricaceae- 

Tamarix Troupii Bole 

8F 

tic 



„ dioica Boxh* 

T 

tic 



„ articulata Vahl 

ST 

tie , 



„ indica Boxh. 

ST 





flo, 30. Tafcta— Tombs. Shrubs and trees of Capparis decidua. 
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■ Family 

Species 

Habife 

C8 

CD -W 

s 

*n CD 
P! 

0 S' 

S3 Xi 

Elatiinaceae. 

Bergia odomta Edgeio. 

H 

■ ■ 



„ ammannioidcsEoo^b. ... 

H 

— - 


Malvaceae. 

Sida spinosa Ltnn, 

H 




„ grewioides Guill, Perr. 





& A. Eich, 

H 




AhiUilon indicinn Sio- 

U 


* 


,, hirtuin G, Don, 

u 


* 


,, polyandrztm W, d A. 

u 




„ muticim Sw* ... 

u 




„ fruticoBum Guill, Per, 





& A^ Eich, 

u 




Malachra capitata Linn. 

H 




Senra incanct Cav. 

u 




Hibiscus tortuosus Wall, 

T 




„ tiliaceiis Linn, 

T 


❖ 


Thespesia pbpulnecC Got, 

T 


'fi 


Gossypium Stocksii Mast. 

S 




„ Baheri Watt. 

s 

- 


Tiiiaceae. 

Grewia populifolia Vahl 

S 




„ asmtica Linn, 

s 




,, villosa Willd. 

s 

it 



Triumfetta rotundifolia Lam, ... 

H 




,, pentandra A. Eich.,,, 

H 




Gorchorus a7itichorus Eaeusch, 

H 




„ tridens Linn, 

H 

- 



„ acutanguhis La^n. ,.,\ 

H 

❖ 

s|c 


Broxvnlonia lanceolata Benth, ... 

T 



StercuHaceae, 

Melhania Denhamii E. Br, 

S 




Eeritiera niinor Boxb, 

T 


it 


Kleinhovia hospita Linn, 

T 


-I* 

Zygophyllaceae. 

Trihulus ierrestris Linn, 

H 




„ alatus Del. 

H 




Zygophyllum simplex Linn, 

H 



. 

Fagonia erotica Linn. 

H 



Geraniaceae. 

Eroditm cicutarium L'Herit, ... 

H 

i\i 



Oxalis corniculata Linn. 

H 


ll! 

Rutaceae. 

Glyeosmis pentaphylla Gorr. ... 

S 




Micromelum pubes cens Bl, 

T 




Paramignya longispina Hook, /. 

U 




Aegle marmelos Gorr. ... 

T 



Burseraceae. 

\Gommiphora Mukttl Engl, 

S 



Meliaceae- 

Amoora cxicxillata Eoxb. 

T 




Garapa moliiocensis Lam* 

T 




„ ohomia Bl. 

T 
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lamiljf 

SpeaieS 

Habit 

Indus 

Delta 

*!.» 03 

^ P 

P 13 

Olacapeas; 

Qlax somidens Eoxh ... 

s 



Gelasferaceae. 

Qxfmnosporm montma Benth. ... 

T 




Salada prinoides DC> 

ST 


s|c 

Ehamnaceae. 

Zuyphiis oenoplia Milk 

S 




„ rotundifolia Lam, ... 

s 



Ampelidaceae. 

Vitis quadrangular is Walk 

s 




„ latifolia lloxb. 

s 


sic 


„ trifolia Linn, 

s 


-'li 


Leea sambticina W i lid. 

s 


•1' 

Sapindaceae. 

Omrdiosperimim Halicacahum 





Limi, 

H 




Allophyius Qohhe BL 

s 




Aphania Danum Eadlk, 

s 


JlJ 

Anacardiaceae. 

Botiea hurmanka Griff, 

T 


'1^ 


Odina Wodkr Eoxb, 

T 


sje 

Legamin.'— Bapil' 

Grotalaria verrucosa Linn, 

U 




„ return Linn, 

U 


si: 


„ Salttcmd Andr,^ 

U 


s]c, . 


„ Bwhia Eamilt, 

U 




„ jMWa Lin/a,, 

H 

... 



„ medikagirna, Lam, ... 

H 

i'fi 



Inddgofem oordifolia Seym* 

H 

ij; 


! 

tmiflof a Bach, ... 

H 

jfc 



„ mtahapikta^ Bkud,. ... 

H 

iJS 



„ pmoifolm Del. 

S 

:!« 



„ msQosmLarnM 

H 

lit 



TeplmonaMmmW 

H 

:lc 



%t petrosa BhU.d Hall,.,, 

H 




Sesbania aondsata Boir,, 

H 

•fi 



Taverniera. enmifolia Am,. ...] 

U 




Alhagi ccmelonm Fisch, ,,J 

s. 




Aeschynomene. indica. Linn, 

u 




asper^ Linn, ... 

s 




Alysicarpm vaginedh^ DG- 

u 

sic 



DesmoMim tmieUatuin. DC, .... 

ST 


sic 


ibrus pmoatorim Linn, 

S 


h* 


TeramnuB^flemUs B^nth, 

S 


A'"'' 


MuGuna* gigemtea. DG. 

s 


51: 


Mrythrina indica Lam, 

T 




Ganavalia limata DG, 

H 


sic 


„ txirgjSa Qrah, 

H 


* 


Phaseolusa^naMhus May, 

H 




„ trihhis^Aik 

H 




Vigna luteola. Bent h. 

H 


t 
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Family 

Species 

<4S> 

13 

c3 

w 

Indus 

Deifca 

^ OS 
■d Cl 

« 9 

E3 

Xi 

Leguroin> — PapH. 

Atylosia scarabaeoides Benth, ... 

H 


:Ic 


Wlmiingia congesta Rosoh, 

S 



Dalbergia spinosa Boxb^ 

s 


i’,e 


„ torta Grah. 

s 


;I< 


Bhynchosia minima DG. 

H 

5|« 



Fongamia glabra VmU 

T 


ir 


Derris sinuata Thto. 

S 




„ scandem Bmth. 

S 




,, uliginom Benth, 
Oaesaipinia Bonducelta Flem * ... 

S 


;!< 

Legum.— Gaesaip. 

s 



„ Nuga Ait. 

s 




Mezonmron cucidlatum W, & i 

s 




Gania Sophera Linn. 

u 




,, Tora Linn. 

H 




Gynometra mimosoides Wall* ... 

T 




Intsia bijuga 0. Kiinize. 

T 




Entada scandens, Benth, 

S 



Legum — 'Mitn. 

Frosopis spicigtra Linn. 

H 



Mimosa hamata Wiltd. 

S 




Acacia arabica Willd. 

T 

i'fi 

ilt 



„ Farnesiana Willd. 

T 



„ Senegal Willd. 

T 

ilc 



tomentosa Willd. 

T 




„ concinna DC. 

T 




„ Intsia WiUd. 

Aldrovanda vesiculosa Linu* 

T 


•4i 

Droseracoae. 

H 



Ehizophoraceae. 

Bhizophofa mucronata Lam* 

T 


iU 

„ conjugata Linn. 

T 

tfc 



Cericps Boiburghiana Arn. 

T 


>i£ 


,, Candolleana Am. 

T 




Kandelia Bheedei W. S A. 

T 


i't' 


Bruguiera gymnorhiza Lam. 

T 




„ parmitofa W. & A. 

T 



Combrefeaceae* 

Limnitzera racemosa Willd. 

T 



Myrfeaceae* 

Eugenia frutioosco Boxb. 

ST 


t’t 


B art ingionia racemosa Bl. 

T 




„ actUangula Gaer 

T 


- 

Lythraceae. 

Ammannia baccif eta Linn. 

H 




u sp. 

H 




Bonner alia apetala Ham. 

T 


•'fi 


„ acida Linn. f. 

, T 


-Ic 

Turneraceae. 

Turner a ulmifoUa Linn. 

D 



Passifloraceae. 

Fassidora suherosa Linn. 

. H 



Cucurbifiaoeae. 

Momordica Char antia Linn. 

, H 
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Family 

Species 

Habife 

— — — Ssas? 

Indus 

Delta 

9 

‘U 02 
^ Q 

a D 

CO 

Cucurbitaceaa 

Momordica dioica Boxb. 

H 




Trichosanthes cucumerina Linn, 

H 


::c 


„ palmata Boxh> 

H 




Ltiffa graveohns Boxb. 

H 




Cucttmis trigonns Boxb. 

H 




„ propheianm Linn. ... 

H 




Oitridlus Golocynthis Schrad, ... 

H 




Coccinia indtca W, S A, 

H 

* 



Melothria maderaspatana Gogn, 

H 




Kedrostis rostrata Cogn. 

H 




Gorallocarpns epigaens G.B, 





Clarke 

H 

‘i'fi 



Gephalandra indica Naud. 

H 


❖ 


ZeLneria twihellata Thio, 

H 


>!c 

Eicoidaceae. 

Sesuviim For tulaca strum Linn, 

H 


iJS 


Trianthema monogyna Linn, ... 

H 

-I« 

-•i 


„ pentandra Linn, ... 

H 




Orygia decimbens Forsh, 

H 




Mollugo hirta Thmh. 

H 

*.:« ' ■ 


Eubiaceae. 

Oldenlandia diffusa Boxb, 

H 


‘-IJ 


Fetunga Boxburghii DG, 

ST 




Vangueria spinosa Boxb, 

S 




Ixora parmiora Vahl. 

T 




„ coccinea Linn, 

s 


»;« 


Morinda bracteaia Boxb, 

T 


j'i 

Composifcae. 

Vernonia cinerea Less, 

H 




„ cinerascens Schultz 

H 

■ ii 



Agerakm cony zoides Linn, 

H 




Grangea maderaspatana Foir , ... 

H 




Conyza semi-pinnatifida Wall,,,, 

H 




Blumea amplectens DC, 

H 




Fluchea tomentosa DC, ... 

H 




lanceolata C, B, Clarke, 

H 

: i;? 



„ indica Less, 

H 




Sphaeranthus africanus Linn,,,, 

H 


- 


Gnaphalium piilvinatum Del. ... 

H 

, S’C'.; . 



Inula grantioides Boiss, 

H 

* 



Vicoa cerniLa Dalz, d Gibs, 

H 




Fulicaria angustifolia DC. 

H 




„ Stoclmi Hooh,f, 

H 




Eclipta erecta Linn, 

H 

❖ 



Xanthhm spinosuvi Linn, 

H 


V.: 


BlmmilUa rhomboidea Cass, ... 

H 




Wedelia scandens G, B, Clarke,,, 

H 





No. 31. Limestone-conglomerate near Tatta 
Euphorbia caducifoMai Acacia arahica* 


Commiphora MuJculf 


No. 32. Gravelly and sandy plain between the tombs near Tatta. 
Commiphora Mukiil^ Zizyphus^ Capparis^ Calotropis, 
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Family 

Species 

Habife 

Indus 

Delta 

Sundri- 

buns 

Oompositae, 

Wedelia calendulacea Less, 

H 




Echmops echmatiis DO- 

H 




Vohitarella divaricata BBnth. 





d Hook, f. 

H 




Dimma tomentosa Cass, 

H 

❖ 



Cnicus arvensis Hoffm, ... 

H 




Sonchus oleraceus Linn, 

H 




Lmmaea chondrilloides Hook, f. 

H 




„ nudicaulis Hook,f. ... 

H 




„ pinnatifida Cass, 

H 


'Is 

Goodeniaceae. 

Scaevola frutescens K, Krause,,. 

s 




,, Plumierii Vahl 

s 



Plumbaginaceae. 

Statice Stocksii Boiss. 

H 




Aegialitis rotundifoUa Boxb» ... 

ST 



Myrsinaeeae. 

Aegiceras majus Gaertn, 

T 



Ebenaceae. 

Diospyros montana Boxb, 

T 


5{5 


„ Emhryopteris Pers,... 

T 


:|s 

Salvadoraceae. 

Salvadora persica Linn, 

T 




,, oleoides Dene. ... 

T 




Azima tetracantha Lam. 

S 


s'! 

Apocynaceae. 

Gerber d Odollam Gaertn, 

T 




Parsonsia spiralis Wall. 

S 




Nerium odorum Soland* ...i 

s 

'I' 


Asclepiadaceae. 

Hemidesmus indicus B. Br, 

s 




Finlay sonia ohovata Wall. 

s 


%'fi 


Periploca aphylla Dene. 

s 

❖ 



if sp. 

s 




Oxystelma esculenkm B, Br,, ... 

u 




Calotropis procera B.Br. 

s 




„ gigantea B. Br. 

s 


-Is 


Pentatropis cynanchoides B, Br. 

u 




„ micropUylla W.S A,,.. 

H 




Daemia extensa B, Br. ... 

U 


iitt 


Sarcostemma Stocksii Hook* f. ... 

s 




Sarcolohis glohosus Wall 

s 




„ carinatiisWall, 

s 


sic 


DregeanolubilisBenth. V ... 

s 


it 


Leptadenia Spartium Wight 

s 




Tylophora tenuis Bl. ... 

H 


sic 


Dischidia mmmularia B* Br. ... 

H 


sic 


Hoy a parasitica Wall. 

s 


sic 

Gentianaceao. 

Enicostemma littorale Bl. 

E 




Hoppea dichotoma Willd. 

H 


sic 


Limna^ithemumcristabunt Griseh 

. H 


sic 


1943—5 
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Eamily 

Species 

Habifc 

Indus j 
Della j 

_ 1 

* 

IS 

^ S3 

m 

Hydrophyllaceae, 

Sydrolca zeylanica Vahl 

H 



Boraginaceae* 

Cofdia Myxa Lim%, 

T 




„ Eothii Bocm. c§ Sclmlt,,,. 

T 

^;c 



Goldenia prooumhms Linn. 

H 




Heliotr opium indicim Linn, ... 

H 


'!« 


„ ophioglossum Stocks 

H 

* 



„ calcar eim Stocks... 

H 




„ ovalifolitm Forsh 

H 




„ undidatum Vahl ... 

H 




„ paniculatum B.Br. 

H 




„ rariftorum Stocks... 

H 




Trichodesma indicum B. Br, ... 

H 



ConvolvulaceaQ. 

Stictocardia tiliaefolia Hallierf, 

S 


ijc 


Grcssa cretica Linn. 

H 




Gonvolvulus scindicus Stocks ... 

u 




„ Bottleriamis Ohoisy.. 

0 




„ micTophyllus Steb, ... 

u 




„ rhyniospmnus Hochst. 

u 




„ arvensis Linn, 

H 




u sp. 

H 




Merremia chryseides Hallier f.... 

H 




u aegvptia Linn, 

H 




„ hederacea Sallier f. 

S 




i Ipomoca longifiora B. Br, *,.! 

s 




panimdata B, Br. 

s 


'1' 

j 

„ biloha Forsk. ... 

H 




„ aquatica Forsk. 

S 




n ilktstris Brain 

s 




„ sepiaria Koen. 

H 




„ eriocarpa B. Br. 

H 




Bivea hypocrateriformis Choisy 

S 




Ousouta refkxa Boxb, 

H 


❖ 

Solanaceie. 

\Solanum nigrum L%m. 

HU 


t'S 


„ xatuhocarp'icm Schrad. 





S Wendl. 

H 




Solamm albicaulc Kotschy 

H 




„ argenteum Dun. 

S 




,i trilobatum Linn. 

U 




PhysaUs minima Linn. 

H 




Withania somnifera Dun. 

H 




Lycnm harharum Linn. 

. S 

* 



Datura fastuosa Linn. 

. H 



Fcfophulariice .e. 

Angelonia grandi flora G. Morr, 

H 




Linaria ramosissima Wall, 

• H 
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Family 


Scrophulariaoeae. 


Orobanohaceae. 

Lentibulariacoae. 

Bigooniaceao. 

Acanthaceae. 


Verbenaceae. 


Labiatae. 


Species 


■§ 

a 


c8 

4:3 


O 


03 

fl 


Schwsittful'thid sphacrocaTpa 
A, Braun 

Linmophila gratioloidci B. Br ... 

„ gratissima Bl. 

Herpestis Monnieria E.B- S— 

Vandellia erustacea Benth, ... 

Bo^naya veronicaefolia Sprcng 
Peplidium Mwiifusum Del. 
Lindenbergia abyssinica Hochst. 

,, urticaefolia Link.,,, 
Seoparia dulcis Linn. 

Gistanche tnbulosa Wight 
Utricularia stellaris Linn-f, 

„ flearuosa Vahl 
Tecomella undulata Seem, 
Dolichandrone Bheedei Seem\ 
Blepharis sindiea T, Anders, 
BuoUia patula Jacq- 
,, prostrata Pair . 

Barleria Prionitis Linn, 

„ acanthoides Vahl 

„ Bochstette/ri Mees 

Justicia heterocarpa T. Anders... 
Hygrophila quadrivalvis Bees ... 

„ pJilomidis Bees 
,, spinosa T, Anders.... 
Hemigr aphis hirta T. Anders, 
Acanthus ilicifoUus Linn. 

„ mlubilis Wall. 

Lantana indiea Boxb. 

„ trifolia Linn. 

Lippia geminata 3. B. £ K. 

„ nodi flora Bich. 

Premna iniegrifoUa Linn. 

Vitex trifolia Linri. f. 

„ Begundo Linn. 
Glerodendron Phlomidis Linn. f. 
„ inerme Gaertn. 

,, neriifolium WaM..... 

SiphonanihusB.Br.\ 
Avicennia oflioinalis Linn, 

„ alba Bl. 

Ocimum sanctum Linn. 

„ camm Sims 


H 

il 

H 

H 

H 

H 

H 

H 

H 

H 

H 

H 

H 

T 

T 

S 

S 

H 

S 

U 

s 

H 

H 

U 

H 

H 

U 

u 

s 

S 

s 

H 

ST 

ST 

ST 

S 

D 

U 

S 

T 

S 

HU 

HU 


:r|U 

1; 

iH 


55 £ 
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Eamily 

Species 

Habifc 

<s 

W ■+=> 

IS 

?-i m 

ra a 

P K? 

CQ 

Labiafeae. 

Ocimim hasilictm Linn, 

H 




Anisomeles ovata B. Br. 

H 




Leiicas urticaefolia B, Br. 

H 

- 



„ linifolia Spreng. 

H 




Salvia aegyptiaca Linn. 

H 



Nycljaginaceae. 

Boerhaavia diff%isa Linn. 

H 

'li 



. „ verticillaia Pair. ... 

H 



Amaranfcaceaa. 

Celosia arge7itea Lmn. 

H 




Digera arvensis Forsh. 

H 




Amarantzis viridis Lmn. 

H 




a polygamiiS Linn. 

H 




Aerua toznentosa Forsk. 

H 




„ pseudo-toznentosa Blatt. k 





Hall. 

H 

❖ 



Achyranthes aspera Linn 

H 




Hoihosaertia brachiata Wight ... 

H 




Fupalia lappacea Moq. 

H 

'li 



Psiloirichuzn ferrugineum Moq. 

H 




AUernanthera triandra Lam. ... 

H 

tii 

* 


„ nodiflora Br. 

H 



Ohenopodiaceae. 

Ghenopodiim mnr ale Linn. 

H 




Airiplex SiooksU Boiss. 

H 




Arthrocnemum indictm Moq, ... 

U 

sle 

5lC 


Salicornia brachiata Boxh. ... 

U 


i[( 


Suaeda fruticom Forsh 

S 




.. niididora Moq. .., 

u 




monoica Forsk. 

u 

•-It 



,, Maritima Duznort. ... 

H 


Sjc 


Haloxylon recurvum Bunge. ... 

s 




Salsola foetida Del. 

s 




Ba sella rubra Linn. ... 

H 



Polygonaceae, 

Polygonum plebejum B.Br. ... 

H 

■■ 


Aristolochiacoae. 

Aristolochia hracteata BeU. 

H 




,, indie a Linn. ... 

U 



Lauraceae. 

Cassytha filiformis Linn. 

H 


❖ 

Loranthaceae. 

Loranthus Scurrula Limi. 

8 




„ lo7igif!orus Desr. 

S 




„ glohosus Boxb. 

S 




Viscum monoicum Boxb. 

s 



Buphorbiaceae, 

Euphorbia caducifolia Hazn, ... 

s 




„ hypericifolia Linn. ... 

H 




„ hirta Linn. 

H 

, 'I* 



„ pilulifera Linn. 

H 

Jt- 



„ gtanulata Forsh. ... 

H 








No. 33. Bughar on the banks of the Indus. In the foreground: 
Tamarix dioica. In the^background ; T'amanj? Troupii and behind it a 
forest of Acacia arahica. 
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Family 

Species 

43 

3 

W 

Indus 

Delta 

t 

'El 

d 

p 

m 

Eupborbiaceae. 

Euphorbia Clarkeana JBooh /. ... 

H 

s|< 



jodhpurensis Bhtt S 





Tictll* ... 

H 




„ thymifolia Biirm, ... 

H 




Andrachne aspera Spreng. 

H 

ils 



„ sp.nov. 

H 

s}: 



BrideUa stipularis BU 

S 




Agyneia hacoiformis A* Juss^ 

HU 




Phylla7itMis reticulatus Boir* 

S 




„ Niruri Linn. 

H 

j{i 



Breynea rhamnoides Muollu-Arg. 

ST 




Gycloste^non assaonicus Hook. /. 

T 

I 



AntideS77ia Qhaesemhilla Gaertn. 

T 




Grot07i oblongifoUus Eoxb. 

T 




Ghrozophora plicata A- Juss, ... 

HU 




Acalypha indica Linn. 

H 




Trewia nudiflora Linn. 

T 




Mallotus repandus Muell.^Arg..,. 

S 




Sapium indicumWilld. 

T 




Excoecaria Agallocha Linn. ... 

T 



UrHcaceae, 

Trema orientalis Bl. 

T 




Streblus asper Lour. 

8T 




Ficus retusa Linn. 

T 




„ . infectoria Eoxb. 

T 




„ Eumphii BU ... 

T 




„ religiosa Linn. 

T 



1 

• 

„ glomerata Eoxb. ... 

T 



Casuarinaceao, 

Gasuarina equisetifoUa ForsU... 

T 



Salicaceae. 

Populus euphratica Oliv. ... 

T 

sk ' 


Cerafcopliy llaceae. 

Geratophylhm demersmn Linn, 

H 



Gnefcaceae. 

Ephedra foliata Boiss. 

S 

■ 


Hydrocharifeaceae. 

Hy dr ilia verticillata Gasp. 

H 




ValUsneria spiralis Linn. 

H 

sis 



Lagarosipkon Eoxburghii Benth 

H 




Ottelia alismoides Pers. 

H 



Orchidaceae. 

Oberonia Gammiei King d 





Fantling ... 

H 




Dendrobium anceps Sw. 

H 




„ Pierardi Eoxb. 

H 




Girrhopetalum Eoxburghii Lindl. 

H 




Trias oblonga Lindl. 

H 




Luisia tereti folia Gaud. 

H 




„ braohystachysBl, ... 

H 




Saccolabitim QchracGum Lindl.... 

H 




CQ: 




❖ 


s;< 






sis 


sje 


❖ 


bum 
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E’a.mily 

Species 

Habib 

Indus 

Delfca 

Sundri- 

bans 

Orchidacaae. 

Saacolabiim longifoUtm Hook, /. 

H 




„ papillosum LindL 

H 




Sarcanthus appmdi culatus 





Booh f. 

H 




Sarcanthus inseoiifer Beichh, ... 

H 




Clcisostoma ramosum Book* /• ... 

H 



Scitaminaceae. 

Alpinia Alkighas Boscoe 

H 




Zimjiher Gasimmnar Tioxo, 

H 



Araaryilidaceae. 

Crintm asiaticum Linn. 

H 

❖ 


Disoscoriaceae. 

Dioscorca pentaphylla Linn, 

H 



Liliaceae. 

Asphoddits temiifolius Oav» 

H 




Asparagus gharoensis Blatter ... 

S 

❖ 



„ dumostis Baker 

S 




„ deltas Blatter 

S 

❖ 


Commelinaceae. 

Commelina henghalensis Linn * ... 

H 




„ albescens Bassk, 

H 




Aneilema midiflonim B. Br* ... 

H 



Fiagellariaceae. 

Flagellaria indica Lmn. 

S 


>lc 

Palmae. 

Bipa fruticans Wurmh 

T 




Phoenix paludosa Boxb, 

T 


}l« 


Calamus temds Boxh, 

S 




Daemonorops Jenkinsianus Ma 

S 




Cocos nucif era Linn* 

T 


■ 

Panel an aceae. 

Pandamis tectorms Soland* 

S 



j 

„ foetidus Boxh, 

S 



Typhaoeae. 

Tupha angustata Borg d Chauh 

H 

. 1 

s|s 


„ elephantina Boxb, 

H 



Araceae. 

Cruptocoryne ciliata Pisch, 

H 




Pistia stratiotes Linn* 

H 



Lemnaceae. 

Lemna sp* 

H 



Alismaceae. i 

Sagittaria sagittifolia Linn, 

H 



Naiadaceae. 1 

Bvppia rostellata Koch 

H 




ZanicheUia pahisiris Linn* 

H 




Naias minor All, 

H 




If 

H 




sp* 

H 




Aponogeton monostachyum Lii 

H 

■ 4C' ■ 


Cyperaceae* 

KylUngia triceps Boith, 

H 


b'' 

Pycreus polystachus Beam, 

H 




Cyperus mmdatus Bexh, 

H 




„ malaccensis Lam, 

H 




„ tegetiformis Boxh. 

H 




„ scariosus B, Br* 

H 



, 

„ exaltatus Betz. 

H 
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Family 


Cyperacdae. 


Gramineae. 


Species 

Habifc 

... 

- 

'Sft 

H- < 

*S CO 
HD a 
p P 
p'xi 
OQ 

Cyperus sioloniferus BetB, 

H 



„ alopecuroides Botth ••• 

H 

j): 


„ Haspan Linn* 

H 



„ arenarius Betz, 

H 



„ tegetnm Bomb, 

M 

Jiv,,, 


„ rotundus Linn, 

H 



Mdriscus albescem Gaud* 

H 


sic 

Eleocharis spiralis B, By* 

H 



„ atropurpiireus Kimth. 

H 



Fimbristylis ferruginea Vahl ... 

H 

* 


Fimbristylis polytrichoides Vahl 
„ suh'hispicata Nees 

H 


.SR 

& Meyen 

H 


sis 

„ monostachya Hassle. 

H 


sic 

„ dichotoma Vahl ... 

H 

- 


Scirpus qiiinquefarhiS Ham, ... 

H 



„ maritimus Linn, 

H 

❖ 


„ grossus Linn, f, ... 

H 


sl« 

„ Uttoralis Schrad. 

H 


si? 

„ triqueter Linn* 

H 


sic 

„ articulatus Linn. 

H 


sje 

Gladium riparium Benth. 

H 


sis 

Scirpodendron costatxm Kurz.,., 

H 


'^C 

Imperata arundinacea OyrilL ... 

H 


SiC' 

Goix Lachryma-J obi Linn, 

H 



Hcmarthria compressa B, Br . ... 

H 



Saccharum spontaneum Linn,.** 

H 

>[: 


n Gnfflihii Munro 

H 



„ Bavennae Linn, 

H 



Vetimria zizanoides Stapf 

H 



Amphilophis glabra Stapf 

H 



Chrysopogon aciculatiis Trin. ... 

H 


.s{s 

Dichanthium annulatum Stapf,.* 

H 



Gymbopogon Jwarancusa SchiiU, 

H 



Digitafia sanguinalis Scop, 

H 

JlS 


„ pennata Ghiov. 

H 

. '1' 


Briochloa ramosa Kuntze 

H 


s{c 

Faspalum scrohiculatum Lim,... 

H 


sic 

„ mginatum Siu. 

H 


sic 

Urochloa reptans Stapf 

H 


si: 

„ setigera Stapf ... 

H 

, :k. 


Paspalidium geminaium Stapf,*, 

H 



Echinochloa colona Link, ... 

H 

sis 

sfe 

„ Grus-^GalliP.Bmuv 

H 


sic 


satiq 
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Family 

. 

Species 

Habit 

Indus 

Delia 

no a 

^ s 

p A 

m 

Gramineae. 

Echinochloa stagnina P. Beam,,. 

H 


~ ■ 


Setaria lutescens Huhb, 

H 




„ 'oerticillata Beam, 

H 

❖ 



Chamacraphis spinescens Pair, 

H 


. , 


Panicum antidotale Betz, 

H 

❖ 



„ prolifer %mi Lam, ^ 

H 




„ repens Linn, 

H 


ij: 


„ Myunis 3, B, d Z, 

H 




Pennisetum cenchroides Bich, ... 

H 




Cenchnis bif lotus Boxb, 

H 




„ catharticus Del. 

H 




Phragmites karha Trin, 

H 

;}c 



Sporoholus arahicus Boise, 

H 

Sl? 



,, tremulus Kunth 

H 




Heleoohloa dura Boiss,' 

H 

iji 



Aristida Adscenscionis Linn, ... 

H 




„ funiculata Trin, 

H 




Tragus racemosus Scop, 

H 




Desmostachya cynosuroidenStapf 

H 

❖ 



EragrosHs oiliaris Link, 

H 

*1' 



„ interrupta Beam. 

H 

sjs 



„ amahilis Wight d Arn, 

H 




,1 tenella B, S S, 

H 


s}c 


Diplachne fusm Beam, 

H 

>!< 



Chloris villosa Pers. 

H 




„ harhata Sw, 

H 

5jS 



Gynodon dactylon Pers, 

H 




Eleusine flagellifera Nees 

H 

iK 



„ ' aristata Ehrenb. 

H 




„ aegyptiaca Desf. 

H 

❖ 



„ indica Gaertn, 

H 


sic 


Oryza coarctata Boxb. 

H 

'!* , 



Leersia hexandra Sw. 

H 




Eoysia pungens Willd, 

H 




Aeluropus villosus Trin, 

H 




Myriostachya Wightiana Hooh f. 

H 




An analysis of the above catalogue will reveal some interesting 
facts. 



ilklJ :S. 
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We give first a list of the 72 families of th^ Suudribuns plants 
arranged according to numbex of species belonging to each: 


Species Genera Speties Genera 


Leguminosae 


32 

21 

Apocynaceae 

3 

2 

Gramineae 


27 

22 

Gentianaceae 

2 

2 

Cyperaceae 


19 

9 

Lentibulariaceae - • • 

2 

1 

Euphorbiaceae 

••• 

16 

U 

Scitaminaceae ... 

2 

2 

Orchidaceae 


13 

8 . 

Oommelinaceae 

2 

2 

Oompositae 


12 

11 

Pandanaceae 

2 

1 

Asclepiadaceae 

... 

12 

11 

Typhaceae 

2 

1 

Verbenaceae 


12 

6 

Araceae 

2 

2 

Convolvulaceae 


9 

4: 

Naiadaceae 

2 

2 

Oucurbitaceae 


7 

6 

Eanunculaceae ... 

1 

1 

Malvaceae 


6 

4 

Menispermaceae 

1 

1 

Ebizophoraceae 

•»« 

6 

4 

Oruciferae 

1 

1 

Eubiaceae 

t •• 

6 

5 

Bixaceae 

1 

1 

Aoanthaceae 


6 

3 

Portulacaceae 

1 

1 

Urticaceae 

. • • 

6 

3 

Tamaricaceae 

1 

1 

Scrophulariaceae... 

5 

5 

Geraniaceae 

1 

1 

Palmaa 


5 

5 

Olacaceae 

1 

1 

Butaceae 


4 

4 

Oelastraceae 

1 

1 

Ampelidaceae 


4 

2 

Ehamnaceae 

1 

1 

Solanaceae 


4 

1 

Droseraceae 

1 

1 

Labiatae 


4 

3 

Combretaceae ... 

1 

1 

Ohenopodiaceae 


4 

4 

Turneraceae 

1 

1 

Loranthaceae 


4 

2 

Passifioraceae ... 

1 

1 

Hyd rooharitaceae. . 

4 

4 

Plumbaginaceae ... 

1 

1 

Capparidaceae 


3 

3 

Myrsinaceae 

1 

1 

Meliaceae 

« «« 

3 

2 

Salvadoraceae ... 

1 

1 

Sapindaceae 

* • • 

3 

3 

Hydrophyllaceae. . . 

1 

1 

Myrtaceae 


3 

2 

Bignoniaceae 

1 

1 

Lythraceae 

*f • 

3 

2 

Aristolocbiaceae... 

1 

1 

Boraginaceae 

»*« 

3 

3 

Lauraceae 

1 

1 

Amarantaceae 


3 

3 

Oasuarinaceae ... 

1 

1 

Tiliaceae 


2 

2 

Oeratophyllaceae 

1 

1 

Sterculiaceae 


2 

2 

Amaryllidaceae 

I 

1 

Anacardiaeeae 


2 

2 

Diosooreaceae ... 

1 

1 

Ficoidaceae 

« « « 

2 

2 

Liliaeeae 

1 

1 

Ebenaceae 


2 

1 

Flagellariaceae ... 

1 

1 


Of the 87 families found in both deltas taken together, the 
following families are represented 

Only in the Indus Delta Only in the Sundribuns 


Nymphaeaceae 

Eesedaceae 

Polygalaceae 

Oaryopbyllaceae 


Eanunculaceae 

Bixaceae 

Butaceae 

Meliaceae 


Hydrophyllaceae 

Lentibulariaceae 

Lamraceae 

Loranthaceae 

1943—6 
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Only in the Indus 

Elatinaceae 

Zygophyllaceae 

Burseraceae 

Goodeniaceae 

Orobanchaceae 

Nyctaginaceae 

Polygonaceae 

Salicaceae 

Gnetaceae 

Lemnaceae 

Alismacea© 


Only in the 

Olaeaceae 

Ampelidaceae 

Sapindaceaa 

Anacardiaceae 

Droseraceae 

Combretaceae 

Myrfcaoeae 

Turneraceae 

Passifloraceae 

Eubiaceae 

Bbenaceae 

Dominanfe families. 


Sundribuns 

Casnariiiaceae 

Oaratophyllaceae 

Orchidaceae 

Scitaminaceae 

Dioscoreaceae 

Eiagellariaceae 

Araceae 


Delta 


The following graph shows the 14 dominant orders of the two 
deltas. It is interesting to note that the Orchids, an order not 
represented at all in the Indus Delta, take the 5th place in the 
Sundribuns. 



ft 

:} 

I 

ft 

5 

n 


Graph IBt'-IIie dominant families in the Indus Delta and the Sundribuns 



V- ■ ^imA m TEE m 'St 

Eegarding the ganara, vva obsarva in both deltas 336 genera. Of 
these 67 (i) are common to both areas, 113 (out of 184) have been 
found in the Indus Delta only, and 156 (out of 230) in the Sundribuns 
only. 

Genera common to both areas. 


Cleome 

Galotropis 

Gommelina 

Gynandropsis 

Pentatropis 

Gocos 

Gapparis 

Daemia 

Pandanus 

PoTtulaca 

Gordia 

Typha 

Tamar ix 

Merremia 

Naias 

Abiitilon 

Ipomoea 

Gyperiis 

Thespesia 

Solanim 

Eleocharis 

Gorohdrus 

Limnophila 

Fimbristylis 

Grotalaria 

Lippia 

Bcirpus 

Pongamia 

Glerodendron 

Saccharum 

Acacia 

Avicennia 

Eriochloa 

Ehizophora 

Ocimuvi 

Paspal'um 

Geriops 

Amara^itm 

Urochloa 

Brnguiera 

AUernanthera 

Echinochloa 

Ammannia 

Arthrocnemum 

Setaria 

Sonneratia 

Suaeda 

Panicim 

Momordica 

Aristolochia 

Phrag mites 

TriantJiema 

Euphorbia 

Sporoholus 

Verndnia 

Phyllanthus 

Diplachne 

Pliichea 

Ficus 

Ghloris 

Launaea 

' Vallisneria 

Eleitsine 

Aegiccra^ 

Grinum 

Oryza 


OxysielmcL 

The following 113 genera are represented only in the Indus Delta 


Coccuhis 

Gymnosporia 

Inula 

Phy salts 

Nymphaea 

Grotalaria 

Vicoa 

Withania 

Nelumbium 

Indigofera 

Pulicaria 

Lyciim 

Farsetia. 

Tephrosia 

Eclipta 

Batura 

Maerua 

Sesbania 

Blaimillea 

Linaria 

Gadaha 

Taverniera 

Echinops 

Schweinfurthia 

Ochradenus 

Alhagi 

Volutarella 

Bonnaya 

Polygala 

Aeschynomene 

Dicoma 

PepUdium 

Polycarpaea 

Alysicarpus 

Sonchus 

Lindenbergia 

Bergia 

Bhynchosia 

Scaevola 

Gistanclm 

Sida 

Prosopis 

StaticG 

Tecomclla , 

Senra 

Mimosa 

Salvador a 

Blepharis 

Gouypmn 

Trichosanthes 

Nerium 

Ezielha 

Grmia 

GitruUus 

Periploca 

Barlaria 

Triumfetta 

Goccinia 

Sarcostemma 

Justicia 

Meihania 

Melothria 

Lcptadenia 

Salvia 

Tribulus 

Kedrostis 

Enicostemma 

' Boerhaavia 

Zygophyllum 

Gorallocarpus 

Trichodesma 

Celosia 

FaQdnia 

Orygia 

Oressa ; 

Digera 

Er odium ; . 

Mollugo 

Convolvulus 

Aerua 

Commiphora , 

Onaphalium , 

Bivea 

■ Achyranthcs 
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NothoBmriia 

Pupalia 

Ohenopodium 

A triplca 

Haloxvlon 

Bahola 

F&lygomtm 

AndracJine 


PopiiJm 

Ephedra 

Asparagus 

Lemna 

Sagittaria 

Apomgeton 

Zankhellia 

Ooix 


Nearly all these genera are 
N. African-Indian Desert. 


Hemarthria 

Gtjmbopogori 

Diohanthiimi 

Digit aria 

Panpalidium 

PennisBLtm 

Cenchrus 

Heleochloa 


Aristida 

Tragus 

Desmostachya 

Gynodon 

Aeluropus 


characteristic of the tropica! and 


The following 156 genera are represented in the Sundribnas only :• 


Naravelia 

Tmospora 

Senebiem 

Flacourtia 

Malachra 

HibisGus 

Brownlowia 

Seri tier a 

Klemhovia 

Oxalis 

GlyGosmis 

Miorolemimi 

Paramignya 

Acgle 

Ainoofa 

Garapa 

Oiam 

Salacia 

Vitis 

Leea 

Gardi ospermum 

Allopkyhcs 

Aphania 

Boma 

Odina 

DesmoditiM 

AbrtiS 

Tcramnus 

Mucuna 

Erythrina 

Canavalia 

Phaseolus 

Vigna 

Atlflosia 

FUyningia 

Dalbergia 

Derris 

Camlpinia 

McmncUron ” 


Cassia 

Oymmetra 

Inisia 

Entada 

Aldrovanda 

Eandelia 

Lumnitzera 

E'ugenia 

Barringtonia 

Turner a 

Passiflora 

Trichosaiithes 

Luffa 

Gephalandra 

Zehmria 

Sesuvitm 

Oldenlandia 

Pet'icnga 

Vaagueria 

Ixcra i 

Morinda 

AgGratmn 

Gonym 

Bltimea 

Sphaefanthus 

Xaathiim 

Wedelia 

Cnioiis 

Aegialitis 

Diospyros 

Azima 

Cerbera 

Parsonsia 

Eeimdesmus 

Pinlaysonia 

SarGolobua 

Tylophora 

Dischidia 

Soya 


Hoppea 

Limnanihemum 

Hydrolea 

Goldenia 

SiiGtocardia 

Cuscuta 

Angelonia 

Herpestis 

Vandellm 

Saoparia 

Utriaularia 

Dolichandfom 

Hygrophila 

Bemigraphis 

Aeanthm 

Lantana 

Fremna 

Vitex 

AnisomeUs 

Psilotrichum 

SaliGornia 

Basella 

Gassy iha 

Loranthus 

Viscum 

Bndelia 

Agyneia 

Breynea 

Cyclostemon 

Antidesma 

Croton 

Chrozophora 

Aoalypha 

Treioia 

Malloitis 

Sapium 

EaGoOGaria 

Trma 

Slrebhis 


Casuarina 

Geratophyilum 

Hydrilla 

Lagarosiphon 

Ottelia 

Oheroma 

Dendrohium 

Girrhopetaliim 

Trias 

Luisia 

Saccolabh/m 

Sarcanthus 

Chisostoma 

Alpinia 

Zingihef 

BiosGorea 

Asphodehis 

Aneitema 

Flagelhria 

Ntpa 

Phoenix 

Calamus 

Daemonorops 

Gryptocoryne 

Fistia 

B'ttppia 

Kyllingia 

Fycreiis 

Mariscus 

Gladium 

Scirpodendron 

Imperata 

Vctiveria 

Amphilophis 

Chrysopogon 

ChamaGraplm 

Leersia 

Zoysia 

MyriOBidehyd 







On the Hajamro River. Dense forest of Populus euphratica 

^arjtss?ini£{ in the background. 
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The dominant genera in both areas, considering the number of 


species in each, are :• 


In the Indus Delta. 

No. of 
speciesJ 

In the Sundribuns. 

Buphorhia 

7 


Heliotrcpiiim, Convolvulus, 
Ctfperus 

6 

Ipomoea* 

Aim *ilon, Indigofera 

5 

4 

Solamini, Ficus, Fhnbristylls, 
Scirpits. 

Tamarix, Grewia, Corchofus, 
Crotalaria, A cacia, Ipomoea, 
Solamim, Barlcria, Suaeda, 
Asparagus, S a cc ha r it m, 
Bchinochloa, Eragrostis, 
Bkusine. 

3 

ViUs, Ctoialaria, Derris, 
Acacia, Hygrophila, Clero- 
dendron^Loranthtis, Euphort 
hia, Saccolabium, 


The other geaera are represented by 2 or 1 species. 


That the ladaa Delta does aot repeat the tegetatiea of the 
Sundribans is evident from the following list which gives only 
48 species as common to both areas* 


Family. 

Species. 

Bemarka regarding distri- 
bution. 

Capparidac. 

Oleome viscosa. 

Throughout the trop. regi- 
i oils of the world. 


Gynandropsis pentaphyU 

Throughout the trop. regi- 


la» 

one of the world. 

Portnlacac. ... 

Portala^a oUraceaf 

All warm couhtnes. 

Mai vac. 

AbutUon indicum . 

Throughout the tropics. 


Tkespesiapopulnea, 

[ Maritime in trop, Africa 
‘ and Asia. 

Tiiiac. 

CofcMafus acutangulus. 

i Tropics of nearly the whole 
world. 

Leguminos - 
PapiL 

Pongamia glabra^ 

Throughout trop. Asia. 

Ebizophorac. 

Bkuophora mucronata. 

Maritime in tropics of Old 


World* 


„ conptgaia. 

Maritime in tropics of OH 
W^orld. 


CeriopB Eoxburgkiam* 

Tidal from Sundribuns to 
Malacca. 

Lythrae. 

Sonneratia acidar 

Tidal in India, Ceylon, etc. 

Ficoidao. 

Trimthmta ?nonog$na. 

Most tropical countries. 

Gomi^sit. 

Vemonia cinerea. 

Ttopies ol Old World. 

Grangm maderaspatana 

Trop. and subtrop. Africa 
and Asia. 
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EarnHy 

Species 

i 

Eemarks Regarding 
Distribution 

Myrsimc. 

Aegiceras majus. 

Nearly all tropical coasts. 

Asciepiadac. ... 

Oxystelma esciilentum* 

Indo-Malayan. 


Baemia exten&a. 

■ Afghanistan, India* Ceylon* 

' Boraginac. 

CorcUa Myxa- 

Egypt, trop. Asia and Aus^ 



tralia, ' ^ 

Convolvniac. ... 

Ipomoea biloha* 

■ Sea-shores throughout 



tropics. 


,« . aquatica* 

Trop. Africa, Asia, Australia. 

Solanac. 

Soldmm nigrum. 

Cosmopolitan. 


,t xanthocarpum^ 

Indo-Malaya, Australia. 

Verb^nac. 

Ltppia nodiflora. 

Most tropical and subtrop. 



regions. 


Avicennia officinalis. 

^Shores of Indian and 



Pacific oceans. 

liabiat. ■ ... 

Ocimum sanctun. 

From Arabia through India 



1 to Australia. 

Amarantac, ... 

Amaruntus viridis. 

All trop. countries. 


AUerng>7tthera triandra, 

All warm countries* 

Chenopodiac. ... 

Arthrocnemiim indictmi. 

Trop. Africa, India , 



Ceylon. 

Buphorbiac. ... 

Euphorbia hypericifoUa^ 

Almost throughput the 



tropics. 


,» piluUfera* 

Most trop. and subtrop. 

;.v„ '* ' ; : 


countries. , ’ 

-II , ■' 

Phyllanthm NirurL 

Tropics generally, not in 



Australia. 

,‘j Hydroeh^rifcac. 

Vallisneria spiralis. 

Warm regions generally 

Amaryllidac, . ... 

Grinum asiaticum. 

Throughout trop. India, 

Bajmae 


wild or cultivated. 

Cocos nuoif era* 

Ail tropical shores. 

Paadanac. 

Pandamis Uctorius, 

Sea-coast of India and 



Burma. 

Typbac, 

Tgpha angustala. 

N. Africa, Asia, throughout 

\ . '■ 


India. - 

1 'J ... , ; 

„ elephaniina. 

N. Africa, N. W. India to 

' ' ,M' ■ -■ ■ ' 


• Assam and southwards. 

Cyperac. 

Fimbristylis ferruginea. 

j Indo-Malaya to Australia. 

Gramin. 

Saccharum spontaneum. 

Tropics of Old World. 


Eriochloa ramosa* 

Most hot countries. 


Paspalum scrohiculatum. 

Tropics of Old World. 


Echinochloa colona. 

Most warm countries. 


„ Crus-QodlK 

Almost cosmopolitan. 


Seiaria verticillat^. 

Temp, -and trop- regions. 


PhragmiUs harka. : 

Almost throughout .tropica 


* ■ ^ —l. ■■ ’ - 

of Old World. 
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Family 

' Species 

Eemarks Eegarding ji 

Distribution 

Gramin. 

Diplcichne fnsca. 

Tropics of Old World# ! 


Ghloris harhata. 

Tropics generally. j 


Eleiisine aegyptiaca. 

Warm regions of Old World. : 


Oryza coarciata. 

Only Indian. j 

t . ' 


These 48 species occurring in both deltas belong to 26 families* 
A glance at the notes on distribution shows that all, with the excep- 
tion of Geriops Boxhurghiana^ Daemia extensa^ Grmum asiaiicum, 
Pandamis tectorius and Orym coaratata, have a very wide distri- 
bution* 

If we consider the habit of the plants i.c. whether they are 
herbs, undershrubs, shrubs or trees, we arrive at the following results 
which we also represent graphically : 



Indus Delta 

Sundribuns 

' 


Absolute 

% in round 

Absolute 

% in round 


number 

numbers 

number 

numbers 

H. 

179 ] 

65 ’ 

156 

51 

13. 

26 

9 

22 

7 

S. 

40 

14 

60 

20 

T. 

34 

12 

66 i 

22 

Total 

279 

100 

304 

100 


: 
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No. 40. On the Indus below Keti Bandar. In front of the boat 
Oryza coarcfata. 
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THE FLORA OF THE INDUS DELTA. 

DistribotioB -of species. 

When ^ discussing aboufe the geographical distribution of the 
plantjs of the Indus Delta we distinguished an Eastern, Western and 
General element, and we found that the composition of the flora 
excluding some unclassed species is as follows : 

The Eastern Element 16 species, (6 % in round numbers). 

The Western Element 118 „ (44%,, ,, „ ). 

The General Element 131 „ (50% „ „ ,, }. 


Total 265 species 


Frain, too, has made 3 divisions of the Sundribuns plants which 
practically coincide with ours. He distinguishes 3 groups (after 
excluding some species). 

1. Species distributed only eastward (our 

Eastern Element) ... ... 34 species (12 %) 

2. Species distributed only westward (our 

Western Element) ... ... 21 ,, ( 7%) 

. 3. Species distributed westward and eastward 

(our General Element) ... ... 228 (81 %) 

Total ..r 283 species. 
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The purely B. elamoafe is amall in bofeh, whilst the Indus Pel&a 
receives a distinct charaGter from the W. element. 

There is one important class of plants, the so-called Mangroves, 
which we should like to consider separately. Many data of the 
following list are taken from Troup, Silviculture of Indian Trees, the 
rest from Gamble’s and Haines’ Moras. 


Family. 

Species. 

Indus Delta. 

43 

09 

erf 

O 

O 

43 

cn 

cS 

Sundribuns, 

Chittagong. 

Burma. 1 

Andamans. 1 

Ehizophor. 

Bhizophora mucronata Lam. 



* 


j,. 




,, oonjugata Linn. 

>1', 



... 





Ceriops Gandolleana Arn. ... 


❖ 

... 


••• 

••• 



„ BoxburghianaArn, 

❖ 

* 


* 



... 


Khandelia Eheedei W. d A. 

... 



❖ 

>1: 




Bruguiera gymnorhiza Lam. 

❖ 



❖ 


'^1'- 



,, Briopetala TF. d A, 


^1# 







„ caryophylloides Bl. 

• • • 



• •• 

... 




,, paTviflota W, d A, ... 








Meliac. 

Garapa ohovata Bl, 

... 


❖ 






fiioluoc$nsis Lam. 







5{S 

Leguminos. ... 

Oynometra ramiflora Linn. ... 


' “ 



* 



Gombretao. 

Lumnitzera racemosa Willd. 

... 

il? 

i 






fincoinfin, W. d A. - 



1 



■ .T, 


Lythrac. 

L/i/UOv/VUtO wW 0- W/ # •#* 

SonneraiiaacidaLi?in.f. 

Jj; 

■ 



ili 


si: 


„ apetala Hamt 

... 


1 


?;• 

■ ;’S' 



„ alba Sm. •». 


■ I 




-k 

■sj;' 


„ Gfiffithii EluTZi, 








Eubiac. ... 

ScyphiphorahydrophyUacea 









CtafiTtfi. 






• * • 

si; 

Myrsinac. ... 

Vf WVW/ V'V* 0 m-rn- 

Aegiceras majus Gaertn, ... 

f •*, ' 



J!: 



*■’> 

Acanthac* ... 

Acanthus ilicifolius Linn. ... 



s'.: 


j;- 

i 

* ( . 

Verbenao. ... 

Avicennia officinalis Linn. 





1 




,, alba BC. ... 



;ls 






oyitd/^QjYhCiL 



>Ic 





Euphorbiac. .M 

II //4/vV/ V/VVv W mwm 

Excoecaria agallocha Linn. ... 

... 


"t' 




si: 

Palmae ... 

Nipa fruticans Wurmb. ... 

... 

... 







^Phoenix paludosa Boxb. 

... 

... 


* 






8 

17 

21 

17 

16 

21 

18 


96 THE JOUBNAL OB' THE INDIAN BOTANICAL SOCIETY. 


The subjoined graph gives the number of species, genera and 
families observed in the various regions. 



Graph 18.— Distribution of tbe families, genera and species of tbe 
Mangrove>?group in tbe Indo-Burmese region. 

The fact fehat from the Indus Delta only 8 species of Mangroves 
are recorded, whilst all the other regions are represented by 16—21 
species, confirm our suspicion that we have overlooked quite a number 
of plants in the lower part of the Delta. Sea-sickness, heat, hunger, 
and thirst had produced that feeling in us under whose influence even 
enthusiastic men lose all scientific interest. 


{To be continued) 
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NOTICE 

The following letiier has been received by the Editor 

BRITISH EMPIRE VEGETATION ’ COMMITTEE 

(appointed by the Imperial Botanical Conference^ London^ 1924}) 

Chairman : Professor A. G. Taj^sley, P* E. S. 

Secretary : Dr. T. P. Chipe, Eoyal Gardens, Kew, England, 
to whom all contributions and communications should be addressed. 

BRITISH EMPIRE VEGETATION ABSTRACTS. 

Kew, 

July, 1928. 

Deab Sie, 

In connection with the Scheme for Abstracts, a notification of 
which has been sent to yon, my Committee request that Authors may 
be asked to send me at this address a separate copy of every 
paper dealing with the vegetation of the Empire Overseas, of which 
an abstract is desired. This may take the form either of a press 
proof or of a finished separate when these are printed, but it is 
desirable for the smooth and punctual working of the scheme that all 
separates should be in my hands as early as possible. 

Tours faithfully, 

T. P. Ghipp, 

Secretary. 


^gaoooiifiaiiocaeiiaiiiioeocaDDaiiocaiiiiaiiiiaooaooaiiocacsaojoiicij 
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NOTES ON THE TERATOLOGY OF CERTAIN 
ANGIOSPERMS ^ 

BY T. C. N. Singh, 

Mieroscopist, Cotton Beuarch Laboratory ^ Lyallpur (Punjab) 

AND B. N. SiNHA, 

Assistant Director of Agriculture, Sepaya (Bihar). 

The present work was started and nearly finished at the Botany 
Department of the Lucknow University, but was brought out in the 
present completed form at the Cotton Research Laboratory, Lyallpur. 
The plants alluded to in this note were all found growing at Lucknow 
either wild or cultivated. They include members belonging to such 
diverse families as the Nyctaginaceae, Polemoniaceae, Solanaceae, 
Oucurbitaceae and Oompositae. The observations recorded in this 
note are a result of casual observations made from time to time and 
an attempt has bean made in the following pages to describe the 
abnormalities as they appear, avoiding any fanciful discussions which 
may lead to erroneous conclusions. 

Boerhaavia tepanda Willd. 

This member of the family Nyctaginaceae is a perennial weed 
growing very extensively on waste land or barren fields, specially 
during the rainy season. It is particularly interestingj because it 
shows anomalous features in the anatomy of its root, stem and leaf.^ 
That such a plant should show some external monstrosity also, is 
rather significant. An abnormal leaf has come to our notice which 

^ Singh, T. 0. N. and Sinha, B. N. ; (Abstract) A not© on the teratology of 
certain Angiosperms. Proc. Indian Sci. Congress, Calcutta meeting, Jan. 
(1928). 

3 Mukerji, S. K, and Singh, T. C. H.; (Abstract) The study of five 
representative Lucknow plants of the hot season with a view to find out the 
nature of the adaptation of these plants to the marked periodic climate. Ind. 
pot. SoCf Lucknow meeting, Jan. 1923 Journ. Ind. Bot Soc, Vol. Ill, p. 262. 
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is faseiated. It is biiobsd (Plate II, Fig. 8), each lobe having its own 
midnb and side veins but with a single common petiole possessed of a 
median groove. Thus, it is evident that this fasciated specimen, is a 
homologue of two leaves. 


Phlox Drommoadii ^ 

The records of abnormalities in the species of the genm Phlox ^ 
other than P. Drimimondii refer to the leaf enation in P. paniQulata 
(decussata)'^ and to heteromery in P. suhulata^ and a few other cases. 

Phlox Drummondii is a very common garden plant represented 
by several varieties. Over a thousand flowers of the said species were 
examined — from plants growing in the Botanic Garden of the Lucknow 
University— of which surprisingly enough, about one per cent showed 
a fairly wide variation in their floral parts, specially in the Calyx 
^(4-6)’ ® (3-6) Androecium A^^ g^ (epipetalous), 

while the normal floral formula for the family Poiemoniaceae ^ in 


which Phlox is included, is represented by A^ ^(2 5) 

The occurrence of hexamery in the three outer whorls associated with 
the production of four carpels in F, Drummondii was shown by 
Wydler^* about three-quarters of a century ago, but our bexamerous 
specimens differ from those of his, in their gynaecia which are com- 
posed in every case of only three carpels. For the sake of clearness 
the number of floral parts of the typical abnormal flowers is tabulated 
below (see also Plata 1, Figs. 1*4). 


Type No. 

Calyx 

Corolla 

Andrcficium 

Gynmoium 

1 

5 

3 

,3 ■' 

(3) 

2 

4 

4 

4 

(4) 

3 

. 5 

5 

4 or 5 or 6 

(3) or (4) 

4 

6 

6 

6 or 5 

(4) 

6 

6 

6 

6 

(3) 


- For figure of the plant see Hicholson, O', The Illustrated Bicfcionarr 
of Gardening, Vol. Ill, p, 100, Fig. 112. 

^ Worsdell, W. 0.: (1915) The Principles of Plant Teratolos^y Vo] T 
pp. 198, 201 ; VoU II, pp. 162. 200. 

s Vuilleman, Paul: (1909) L'^toomerie normaie du Phlox suhulata 
Camvi. Rend Paris, CXLXIII, p. 650. 

Willis, J. 0.: (1919) Flowering Plants and Ferns, pp. 526, xlv. 

* Wydler, Flora (1857) p, 29 and {I860), p. 657 
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The interest centres round the plasticity of the flowers in this 
species. That such a wide range of variation should occur is rather 
striking. It is perhaps due to chorosis or supression or both, resulting 
in an increase or decrease of the floral parts. 

Datura Metel L. 

Datura Metel L. — naember of the family Solanaceae— is quite 
a common plant growing throughout India, and flowers usually during 
the months from August to March. The floral parts are typical of the 

family^ namely ^( 5 ) "^5 sometimes the number of the 

sepals, petals and stamens may be increased by one i.e. then the calyx, 
corolla and androecium consist of six members each instead of the 
usuahfive, the gynsecium being quite normal (Plate 1, Pig. 5). Jaeger^ 
as early as 1814 observed in Datura fastuosa L., the occurrence of an 
anther with a forked apex, besides the four normal ones. His obser- 
vation is of value in so far that it points to a possible explanation of 
the sporadic occurrence of an extra sixth stamen (in Datura Metel) 
which may very likely be due to a complete chorosis of one of the 
stamens, Jaeger's case perhaps representing the first stage in chorosis. 
At the same time it is interesting to note that all the stamens (includ- 
ing even the extra 6th) are so similar, both in the internal and external 
morphology of their anthers and their corresponding filaments that 
any discrimination between them is impossible. The increased number 
of calyx and corolla may also be explained similarly. 

Increase in the number of parts in the calyx, corolla and androe- 
cium is known in Datura Stramoniimi also, but in every such case 
it is curious that the gynaecia are either tri-carpellary or tetra-carpel- 
lary (but mostly tri-carpeilary). However, this is not so in our speci- 
mens which are quite normal so far as the gynaecia (bi-carpellary) are 
concerned, 

Trichosantbes dioica Roxb. 

TricJiosanihes dioica is the common Parwal, the fruit of which is 
eaten as a vegetable. The only case of abnormality known to us 
refers to the occurrence of fertile stamens in the female flowers * but 
no teratological observations are recorded at least in the case of fruits. 
Normally the fruits are spindle-shaped but sometimes two such fruits 
appear to have fused together with each other and all stages from 
partial to complete fusion may be noticeable (see Plate 1, Figs. 6-7), 
Moreover it is interest ing to find that sections through such a fasciated 
^ Willis, J. 0. loc. cit. pp. 611, xlv. 

Jaeger, G-.F.:(1814)XJeber dieMissbildurgen derGewachse, Stuttgart, p.ll5. 
» Blabeslee, A. F., Morrison, G. and Avery, A. G,: (1927) Mutations in a 
haploid Datura. Journ, of Heredity VoU 18, No. 5, pp. 195-6. 

* Baillon : (1922) Occurrence of fertile stamens in female flowers in Txi- 

ohosanthes. Bull. Period, de la Saa. Linn, de Paris ^ p. 308, 
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fruit (a homologue of two) show that each part is composed of three 
carpels, being a complete homologue of a norma! Oucurbitaceous 
gyncBcium. Thus it seems quite clear that such a condition has 
resulted from fasciated double dowers which may be occurring in 
nature along with the normal ones. 

Cosmos bipmnatus ^ 

The phenomenon of fasciation of capitula is extraordinarily 
common among the Oompositae but no such record has so far been 
made for the genus Cosmos. The case in question (Plate II, Pig. 9) has 
its main peduncle very much flattened, looking as if it is due to the 
concrescence of a number of capitular peduncles. Bight at its apex, 
the flattened structure is shortly forked into two, each being sur- 
mounted by a fasciated capitulum which is a homologue of at ieast 
two capitula. The two capitula are situated so close together that 
when cursorily examined they look like a single flattened capitulum. 
A little below the main fasciated peduncle occur about a dozen and a 
hall normal peduncles (with the exception of one) arranged in a whorl 
each bearing a head at its apex. One of them (Plate 11, Pig. 9 A) 
situated between the main flattened peduncle and the bundle of 
peduncles tied up together on the extreme left in the photograph, is 
also fasciated, as is evident from the flattened condition of its ped- 
uncle and the rather biggish head, 

Helianthus annuus L. 

In this plant the abnormalities are known in the vegetative 
organs ^ but recently an abnormal capifculum has come to our notice 
in which seven green ‘ leaf ’-like structures looking like involucral 
bracts are seen jutting out of the central region of the disc (Plate II, 
Pig. 10) on which a number of disc and ray florets are set in the 
normal manner. On close examination it has been found that these 
involucre ’’-like organs are altogether leafy except for a little thick- 
ening at the base and further, curiously enough, each of them is borne 
in the axil of a chaffy bract (Plate 11, Pig. 11) like the other normal 
florets. Thus it is quite clear that the “ leaf ^’-like structures are of 
shoot nature, hence homologus to the normal florets, the thickened 
portions at their base perhaps representing the vestige of an aborted 
flower. Therefore it is concluded that they are homologous to the 
habitually nearly abortive sepals (so common among the Oompositae) 
which have— through some physiological circumstance-become leafy 
and the corresponding flowers bearing them have aborted, 

^ Wo bave very great pleasure in according our liearty thanks to 
Miss L. Bakah, M. Sc. for kindly providing us the specimen obtained from 
the Isabella Thoburn College Garden, Lucknow. 

^ For figure Nicholson, G. loo. ciL Yol. I, p. 386, fig. 534. 

® Worsdelh W. 0. loo. ciU Yol.T, pp. 83, 315. 
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Summary. 

Descriptions are here given of abnormalities observed in half-a- 
dozen angiospermoTis plants, 

(l) In Boerhaavia repanda Willd., a case of a fasciated leaf 
(a homologue of tv70 leaves) is described. 

{2) Phlox Drtmmondii: notes on the variation in its floral 
parts are made. 

(3) In Datura Metel I. hexamery is recorded. 

(4) Easciation of fruits (a homologue of two) is described in 
Trichosanthes dioica. It is interesting to note that each part of the 
fasciated fruit is tri-carpellary, being a complete homologue of a 
normal Cucurbitaceous gynoecium. 

(5) In Cosmos hipinnaius fasciation of capitula is noted. 

(6) Very interesting is the case of an abnormal capitulum of 
HalianthiiS annuus L. in which seven “ leaf ’’-like structures looking 
like involucral bracts (arising from the central region on the disc), 
are each borne in the axil of a chaffy bract. They have been regarded 
as homologous to the habitually nearly abortive sepals which have 
through some physiological circumstance become leafy and the 
corresponding flowers bearing them have aborted. 
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Explanation of Plates. 

Plate L 

Pigs. 1 — 4. AhnovmBl Row em oi Phlox Drtimmondiu X 4/5. 

Pig. 5. A flower of Datura Metel L. split open on one side to 

show the disposition of the six stamens, x 4/5. 
Pigs. 6—7. Pasciated fruits of Trichosanthes dioiaa Eoxb. X 4/5. 
Pig, 6 shows the partial fusion of two fruits. 

Plate IL 

Pig. 8, Boerhaama repanda Willd. : A fasciated leaf. Nat. size 

Pig. 9, , Cosmos bipinnatus: Pasciated capitula. X 3/4. 

Pig. 10. Helianthm anmius L,: An abnormal capitulum showing 

the seven “ leaf ’’-like structures in the central 
region of the infiorescenee. Nat. size. 

Pig. 11. Helianthus annuus L.: One of the leaf-like structures 

borne in the axil of a chaffy bract, (br. = bract) 
X about 8. 
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I. Introduction. 




The cytology of some foreign species of P intis has been worked 
out but so far no Indian (Asiatic) species of the genua has been the 
subject of such study. It was therefore thought desirable to investigate 
the cytological life- history of an Indian species and the writer, acting 
on a suggestion of Prof. Kashyap, began this work in the winter of 
1919-20. 

There are four or five species of the genus Pinm which are found 
in India, Pinus excels a ^ P,Gerardiana, P^ Ehasy a, P* longifoUa, 

Of these four the last one is found at the lowest altitudes in the 
Himalayas (2,000-5,000 ft.) as compared with the other species. It is 
also very often cultivated in the Panjab plains, especially in gardens. 
As it is common in Lahore it was decided to investigate this species. 

The present studies were carried out in the Botanical Laboratory 
of the Government College, Lahore, and the writer wishes to express 
here his best thanks to Prof. Kashyap for kind interest in the work 
and many helpful suggestions and criticisms. 


106 THE JODENAL OF THE INDIAN BOTANICAL SOOlBTI. 

11. Material and Methods. 

The collection of material was begun in Jan. 1920 and was 
continued up to Jan. 1927 excepting the winter of 1923-24 when the 
writer was away from Lahore. Collections were made once a week 
or oftener. Eor following fertilization stages and the reduction 
divisions In the pollen-mother cells collections bad to be made daily 
or twice a day. The material was taken from trees in the various 
gardens of Lahore, viz., the Gol Bagh, the Botanical Garden of the 
Government College and the Lawrence Gardens. It was fixed 
Immediately after removal from the tree. One collection of material 
was made near Ohamba (Lat. 32° 29' N., Long. 76° 10' E., Alt. 3,027 
ft. above sea-level) in the Himalayas in the month of July 1920 and it 
proved very fruitful. Another collection was made from a tree in the 
Eoyal Botanic Gardens, Calcutta, in February 1921, for which the 
writer is indebted to the Gurator. 

At first the following first two fixatives were used. Later on the 
third one, which had been used by Miss Ferguson (24) for Pinus 
species, was used 


I. 

Chromic Acid 

3 grms. 


Glacial Acetic Acid 

... 3 c c. 


Distilled water 

... 100 c.c. 

II. 

Corrosive Sublimate 

3 grms. 


Glacial Acetic Acid 

3 c.c. 


Alcohol 70% 

100 c.c. 

III. 

Chromic Acid 

... 1 *3 grms 


Osmic Acid 

... 0 *5 grm. 


Glacial Acetic Acid 

... 8 *3 c.c. 


Distilled water 

... 160 c.c. 


The following stains were tried at first ‘.—Flemming's triple stain, 
Iron-alum Haematoxylin, Diamant Fuchsin and Light Green, and 
Gentian Violet and Orange G, Later on the Diamant Fuchsin and 
Light Green combination was dropped and only the others were used. 

Since ovules in the second year of their growth in P. longifolia are 
pretty large their infiltration with paraf&n offered great difficulty. They 
had to be kept in the paraffin-bath for three weeks continuously before 
they could be sectioned. Sections were cut 5 to 10 microns in 
thickness. 

III. General Observations. 

Piniis Zowigfz/oZm is not only the most easily accessible species of 
PinuB down in the plains of the Fan jab because of its cultivation in 
the gardens but it is also the only species in the outer Himalayas at 
certain altitudes. The main upright trunk of the tree gives off several 
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tiers of branches. The habit is indicated in plate I fig. 1. The lower bran- 
ches bear only the male cones and it seems that at first a yonng tree 
prodnces only male coGes, Only the topmost branches and 
occasionally the lower branches give rise to shoots which bear the 
female cones. The branches are tbns strictly male or female unlike 
the case well known in P. silvestris. On a mala branch one can easily 
count thirteen years’ growth externally. The remains of the whorls 
of scales which protect the young male cones at successive intervals 
indicate the growth of successive years. Similarly on a female branch 
one can easily see the cones of four successive generations attached to 
the branch (plate I fig. 2), It is rarely in the lower branches but not so 
rarely in the upper branches that male shoots are given off by the 
female ones, 

In Lahore, the male cones are initiated in September. They grow 
slowly but continuously till pollen is shed in February. During the 
first week of February the male cones elongate considerably and in the 
second and third week o! that month begin to discharge their pollen. 

The female cones are initiated in January and become visible in 
February at the ends of the youngest female shoots. Generally two or 
three female cones are produced by a shoot but sometimes as many as 
five may be produced. The cones are reddish green in colour and 
open at first. The bract-scales are larger in size and more prominent 
than tfie ovuliferous scales at this time. After pollination, which takes 
place during the latter half of February, the ovuliferous scales grow " 
more vigorously than the bract-scales and consequently the cones 
close up, Strasburger (67) stated in 1887 that ‘ after full pollination 
the fruit-scales close together again by their edges and are glued 
together by resink This statement was modified in 1900 (69) into: 

‘ After full pollination the fruiu-scales soon close together, and these 
are consolidated by the inter-growth of papillaek The last statement 
stands as such in the 1924: edition (70) of Strasburger’ s book. Tn 
Pimis longifolia no papillae can be made out. The closure is simply 
due to the rapid growth of the ovuliferous scales. This growth is 
more rapid on the dorsal than on the ventral surface. 

The safety of the pollen- grains within the pollen -eharaber of the 
ovules is secured exactly in the same way as described by Ferguson 
(24) for Pmus species and by Ottley (54) for Junipems commimis. 

The female cones even after pollination keep on growing till they 
become about an inch in length. After this their growth is stopped 
in May and they rest. In the resting condition the cones become ^ 
brown externally. 

The writer’s observations fully support the statement of Ferguson 
(24) ; ‘ The evidence is conclusive that the ovules are not organized 

224—2 
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In iibe Bpecias of Pinas studied by the writer until about three weeks 
or less before pollination’. 

New foliage leaves come out in March and April in Lahore. The 
male branches produce the dwarf shoots just after producing the male 
cones and therefore above them. The female branches produce the 
dwarf shoots first and then the female cones. Therefore the dwarf 
shoots on the female branches are below the female cones produced 
in the same year. 

Although a very large number of cones from a fairly large number 
of trees have been studied no bisporangiate cones were met with as 
reported by Steil (65) for P. montana and by Goebel (30) for 
P. maritinm. 

I¥, Development of female protbnllus, fertilization and 
embryo formation. 

Fe77iah Cone a7id Megaspore-Mother-CelL 

As stated above, the female cones are initiated in Lahore in 
January. By the middle of February ovules show the integument and 
the nucellus. In the latter a deep-seated megaspor0-mother*celI was 
seen on February 18, 20 and 22 in 1921. This megaspore-mother-cell 
is always more or less conical, the broader end being invariably towards 
the chalaza. The walls of this cell are very delicate. The cytoplasm 
is very finely granular and shows here and there a vocuole. The nucleus 
of the megaspore-mother-cell in the earliest stages is only slightly 
larger than the nuclei of the surrounding nucellar cells. The nucleus 
evidently grows and so does the cell as a whole. Ultimately the 
diameter of the nucleus becomes twice as large as that of the nuclei of 
the neighbouring nucellar cells, when the first heterotypic division 
takes place. 

The nucleus of the resting megaspore-mother-cell does'.not stain so 
deeply as its neighbours (plate II fig. 3). The reticulum is very faint 
and the chromatin granules very small. It is only during the early 
prophase of the heterotypic division that there is an appreciable 
increase' in the staining reaction of the nucleus. 

The megaspore-mother -cell may continue to grow for three weeks. 
Fig. 5 represents it on February 18, whilo fig. 6 shows the stage of 
the nucleus which obtains on March 5. Both the figures have been 
equally magnified so that the increase in the size of the nucleus can 
be easily visualized. 

This megaspore mother cell undergoes a reduction division. 
Plate II fig. 4 shows the nucleus of the megaspore-mother- ceil during 
prophase when the chromatic material has organized itself into a 
spireme. Plate II fig. 5 represents the same undergoing the first 
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contraction, Plate II figs. 6 and 7 represent still later stages when 
the bivalent chromosomes are being formed. Other stages were not 
observed but it may be assumed that a linear tetrad is formed, A 
spongy tissue differentiates about the megaspore-mother-cell when the 
latter enters upon the first heterotypic division. 

Only a few free nuclei are formed by the division of the 
megaspore nucleus before the resting period begins in May, The 
number of these free nuclei is never so large as 32 as Ferguson found 
in some cases but she states, ‘the number ^may not be fixed in the 
same species, but it is certain that it is never very large’ (24). 

Growth in the female cones of the previous year is resumed every 
year in the month of February, The new parts of the ovuliferous 
scales formed after the resumption of this growth are green. Thus 
the apical brown region of each ovuliferous scale is carried up and 
represents the previous year’s growth. 

The endosperm develops vigorously, but till the last week of 
March only a peripheral layer of cytoplasm with free nuclei can be 
seen. Development seems more rapid in April, and by the middle of 
this month the endosperm is fully matured. 

It is needless to mention the gradual transition from the free 
nuclear state of the endosperm to the fully formed female prothalius. 
No disparity is met with in P, longifolia in this rega rd when compared 
with the species worked out by Ferguson (24). Neither has the 
writer made an attempt to count the number of free nuclei which are 
formed before wall-formation sets in, this being particularly difficult in 
P. longifolia because of the very large size of the embryosac. The 
latter is about 8 mm. in length when wall-formation sets in. 

External Morphology of Female Frothallns, 

When mature the female prothallus is a colourless cylindrical 
body slightly tapering towards the two ends. It measures from 11 to 
12 mm. in length. It is slightly compressed from the abaxial and the 
adaxial sides. The longer and shorter diameters are approximately 
2*6 and 2*3 mm, respectively. At this time the glandular cells of the 
spongy tissue surrounding the prothallus whidh are so conspicuous in 
the early stages, were much reduced. Close to the micropylar end 
their crushed remains only could be seen, while at and close to the 
chalaxal end the cells still persisted. The prothallus is extornally 
bounded by the megaspore membrane which is quite conspicuous. 
This membrane is equally thick all round the prothallus except 
towards the micropylar end where it gradually becomes thin. 

Thomson (74) who has made an extensive study of the megaspore 
membrane in five genera of the Abiefcineae states ‘ that in this group the 
coat is thick in the cbalazal region, and thins out gradually toward? 
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the micropylar portion of the prothallium being not more than one- 
third as thick at the apex as at the base of the maerospore/ Lawson 
(B9) lor FseudotBiiga and Miyake and Yasui (47) for PBrnidolarm h^m 
made similar statements. 

Internal Morphology of Female Prothalkis^ 

The protballus is made up of thin-walled polygonal parenchyma- 
tous cells which are compactly arranged. Two or three layers of cells 
towards the periphery are smaller than the cells towards the central 
region. The cells are uninucleate, contain very little protoplasm and 
very large vacuoles. No biuucleate or multinucleate cells could be seen. 
The cells do not contain any starch granules at this stage. Later on 
the cells of the central region surrounding the growing embryo become 
very rich in starch. 

Only the micropylar end of the prothallus hears the archegonia. 
The number of archegonia ranges between 2 and 7 ; 3, 4 and 5 being 
the commonest numbers. The fertile end bearing the archegonia may 
be occasionally slightly constricted off from the rest of the prothallus. . 
The archegonium is about one mm, in length. Its external shape 
and diameter depend upon the number of archegonia borne by the 
prothallus; if they are numerous they are narrovz ; if few they are 
broad. They are visible to the naked eye as opague white oval bodies 
aggregated around the micropylar end. The longer axes of the arche- 
gonia are almost parallel to the longer axis of the prothallus or the 
necks of the archegonia may make acute angles with the longer axis 
of the prothallus. The archegonia have more or less deep archegonial 
chambers. Each archegonium has a neck ushally consisting of eight 
cells in two tiers with four cells in each tier. In rare cases the 
archegonial neck consists of four cells only in a single tier at the 
mature stage. Eerguson (24) writing about the necks of the 5 species 
of pines which she studied states, * In P. Strohus the typical neck of 
the archegonium consists of 4 cells, all lying in the same plane, while 
in P. aiistriaca and P. rigida it is made up of 8, disposed in two 
layers of 4 cells each, but there is a lack of uniformity both in the 
number and in the arrangement of these cells, not only in different 
but in the same species.' 

All the archegonia have their necks opening towards the micro- 
pyle. Each archegonium is surrounded externally by its own layer 
of jacket cells characterized by large nuclei and specially granular 
cytoplasm. When the number of archegonia is small, the paren- 
chymatous cells of the prothallus fill in the space between the jacket 
cells of the different archegonia, but when the number of archegonia 
is large, the jacket cells of adjacent archegonia are in contact with one 
another and there are no filling parenchymatous cells of the prothallus* 
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In some cases, fhoiigh rarely, one finds two adjacent archegonia hav- 
ing a single layer of jacket cells in; common between them for some 
distance. In describing the jacket layer of the archegonium in 
Pseitdolariai, Miyake and Yasui (47) make a very similar statement; 
'As in other Abietineae the archegonia are arranged quite separate 
from one another, and they may come in contact in the middle region 
where they are widest. Even there the egg-cells never come into 
direct contact as in the Cupressinem and some of the Taxodineae hut 
they are always separated by one or two layers of jacket cells.’ 
Doyle (19) describes an identical thing taking place in Larix leptolepzH, 

The Development of the Arehegonimn. 

Generally the archegonial initials can be located when the prothal" 
lus shows a continuous tissue. This happens in the first week of April 
in Lahore. Near the mioropylar end the cells of the prothallus are 
cylindrical with their longer axes parallel to the longer axis of the 
ovule. Later on the nuclei of some of these cells become larger than 
those of their neighbours. Such cells ultimately become the arche- 
gonial initials (plate II fig. 8). 

The archegonial initial seems to grow rapidly in size. The 
nucleus at first occupies a central position but it soon moves towards 
the mioropylar end of the cell (plate II fig. 9). After reaching this 
place the nucleus undergoes a mitotic division and the resultant two 
cells are the primary neck cell and the^ central cell (plate II fig. 10). 
The primary neck cell undergoes three repeated divisions and so forms 
8 cells of the neck in 2 tiers of 4 cells each. The cells of the prothallus 
gurrounding the developing archegonium near the apical region grow 
more vigorously than the former and so an archegonial chamber is 
formed. The central cell increases in size very rapidly and its 
nucleus lies just below the neck (plate Y fig. 11 and plate III fig. 13), 
This sequence of development agrees closely with that described for 
other species of PiMS by Ferguson (23, 24). 

The layer of jacket cells which invests each archegonium is not 
distinguishable till about the 14th of April ie., about 8 days after the 
initials are seen. 

The Gutting off of the Ventral Canal GelL 

While lying just below the neck the nucleus of the central cell 
initiates the mitotic division which produces the egg* cell and the 
ventral canal ceil (plate II fig. 12), This event took place on the 
21st of April in Lahore in 1922. In the 1921 collection this division 
was observed on the 29th April. Some archegonia of this collection 
showed the maturation of the egg nucleus. Before division the 
diameter of the central nucleus measures about 54 microns. It 
eontains one big nucleolus and two or three smaller nucleoli* The 
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bigger one occupies a eentiral position wliiie the smaller ones are 
peripherai. As the central nucleus prepares for division the cytoplasm 
of the egg becomes much more granular although the vacuoles in it 
are as numerous and prominent as before. The nucleoli disappear 
and the chromatin condenses at various places on the net^v^'ork. The 
spindle is formed wholly within the nucleus. It is bluntly pointed 
at the two poles but appears very broad if the sections do not pass 
through its median plane (plate II fig. 12). The chromosomes 
whan they are orientated at the equator of the spindle are U or V 
shaped and not straight as Blackman (3) found in P. silvestris* This 
is not so important as chromosomes are known to undergo slight 
changes of shape at different periods in the same species. The equator 
of the spindle in the earlier stages of the division lies exactly between 
the two daughter nuclei and is straight. Later on it becomes concave 
on the side of the ventral canal nucleus (plate III fig. 14). A 
similar figure has been given by Chamberlain (7). 

The Ventral Garni CelL 

The chromosomes which go to form the ventral canal cell do not 
round off after collecting at the pole but become aggregated in a more 
or less flat plate as seen in (plate III fig, 14). They do not undergo the 
typical telophasic changes which ordinarily result in a resting nucleus. 
The cell-plate is laid down and a fragile transverse wall is formed 
between the daughter cells. No nuclear membrane is formed around 
the ventral canal nucleus and it shows signs of disorganization from 
its very inception. The behaviour of the central nucleus during the 
cutting of the ventral canal cell agrees very closely with that described 
for PiniiB species by Eerguson (24), for P, silvestris by Blackman (3), 
and for Picea excelsa by Miyake (46). Chamberlain (7), however, 
states that a nuclear membrane is formed around the ventral canal 
nucleus. The ventral canal cell is liable to split off from the egg 
cytoplasm in the region of the equator of the spindle and is generally 
to be seen as a mass of deeply staining substance with a little 
cytoplasm on the egg side of it. It persists sometimes till the fertili- 
zation time which occurs one week after the division of the central cell. 

Although a fairly large number of ovules have been sectioned and 
a large number of ventral canal cells studied, in no case did the 
writer find it equal in size to the egg nucleus as reported by Chamber- 
lain (7). 

Maturation of the Egg Nucleus. 

While the ventral canal nucleus shows signs of disorganization 
very early, the egg nucleus begins to grow in size very soon. It 
begins to travel down towards the centre of the egg (plate Y fig. 15). 
It may be seen travelling down while the fibres of the spindle of the 
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previous division bave not as yefc disappeared. The longer diameter 
of the nucleus before the commencement of this downward movement 
is about 18 microns but only a short distance below it measures 32 
microns. Still lower it measures 90 microns and when it has reached 
the centre of the egg it attains the enormous longer diameter of 
202*5 microns (plate V fig. 16). It is ovoid in shape at this stage. 
It shows a tangle of fine threads to which are anchored numerous 
small rounded vesicles. No vacuoles are to be seen in the egg 
cytoplasm at this time. The cytoplasm becomes much more 
granular than before and the granules are bigger in size# Proteid 
vacuoles make their appearance in the cytoplasm and they 
look like ordinary nuclei. Each one of these shows a fairly large 
deeply staining body lying in the centre and a peripheral lightly 
staining area bounded by a definite walMike structure where it 
comes into contact with the cytoplasm. This can be made out in 
(plate V fig. 16). A similar structure of the proteid vacuole is des* 
cribed for Picea excelsa by Miyake (46), He states, ‘ The origin of 
the proteid vacuoles is not at all clear although there is no doubt 
about their being a kind of nutritive substance.’ In regard to the 
rhigration of the whole nuclei from the jacket cells into the archego- 
^ nium described first by Arnoldi (2), the present writer*s observations 

are in accord with those of Eerguson (24)» Murril (5l), and Miyake 
(46) who all failed to see such migrations. 

The writer opines that the proteid vacuoles are formed from 
ordinary vacuoles which are quite numerous in the egg. These 
vacuoles get filled up with a substance which is secreted by the egg 
cytoplasm and ultimately form what have been termed proteid vacuo- 
les. Plate III fig. 17 shows vacuoles in the course of being filled up. 
It is believed that these proteid vacuoles serve a nutritive function. 
The writer had written out this part of the text when he saw a recent 
paper by Chamberlain (ll) on the * comparative morphology of 
cytoplasm and chromatin.’ Ghambarlain describes that ordinary 
vacuoles in the eggs of cycads get filled up with globules which stain 
deeply with safranin and iron-alum-haematoxylin. Obviously he is 
referring to the proteid vacuoles. 

It may be noted in passing that all the archegonia in a prothal- 
Ins at a certain time are at the same stage of development till the 
maturation of the egg. If in one the central cell is dividing to cut 
off the ventral canal cell, the others in the same prothallus would, it 
is highly probable, show a karyokinetic figure at the same stage. 

The Beceptive Spot. 

When the egg nucleus has become mature, a large circular cavity 
appears in the egg cytoplasm just below the neck (plate III fig, 18), 
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SomeUmes its outline indicates that it has been formed by the coales- 
cence of two or more such cavities. The writer agrees with Eerguson 
(2{l, 24) in regarding this cavity as the ‘ receptive spot-’ Other 
authors, for example Blackman (3), regard this cavity to have been 
formed by the sndden in-rtish of the contents 6f the pollen-tabe, but 
since It has been seen by the writer before the pollen-tube has dis- 
charged its contents into the archegoniiim, it is not formed as sup- 
posed by Blackman. It is very likely t hat this cavity or vacuole serves 
to keep a clear passage ready for the contents of the pollen-tube to 
enter the cytoplasm of the arcbegonium. This is further borne out 
by the fact that this vacuole becomes filled up with the cytoplasm 
discharged by the pollen-tube into the arohegoniiim. 

Contents of the Pollen^Tuhe, 

The progress of the pollen-tube and the divisions of the nuclei in 
it have not been worked out by the writer in P, longifolia* When 
the pollen-tube is just above the arcbegonium (i.e., between the 
female prothallus and the nuceilus) it contains the stalk cell, the tube 
nucleus and the two male nuclei enveloped in a common sheath of 
cytoplasm. Plate V fig, 19 shows the end of the pollen-tube just bet- 
ween the female prothallus and the nuceilus containing the 
two male nuclei in the common sheath of cytoplasm. The male 
nuclei appear to be in advance of the other two at this stage. The 
stalk cell and the tube nucleus were seen in the other succeeding 
sections at about the same place. When the pollen-tube passes 
through the archegonial chamber of the egg and reaches the neck, 
the neck calls are in many cases crushed but in some cases 
they retain their identity. Then the pollen-tube opens by a 
definite pit and discharges all its contents into the egg. Some starch 
grains and some cytoplasm are also passed in. (The -writer has not 
tried the iodine teat on these particular grains but since the pollen- tube 
and the surrounding nncellar cells contain starch grains at a slightly 
earlier stage, it is highly probable that these grains which are passed 
in axe also of starch). Generally the cytoplasm of the egg and that 
from the pollen-tube cannot be distinguished from each other but in 
some cases the cytoplasm from the poilen-tube is very large in quantity 
and takes a different shade of the stain from that which the cytoplasm 
of the arcbegonium takes. Plate III fig. 20 shows quite a large quan- 
tity of the cytoplasm which has been passed into the egg from the 
pollen- tube. 

Fecundation 

On entering the arcbegonium the two male nuclei free them- 
selves from the enveloping sheath of cytoplasm. They differ slightly 
in BizB and it is the large one which is seen moving towards the female 
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nucleus just as Ferguson (24) found in the species of pines on which 
she worked (plate V fig. 21). Ferguson says that there is no bulging 
of the egg nucleus towards the male nucleus when the latter approa- 
ches the former, but in one of the writer*s preparations (plate V fig. 22 
and plate III fig. 23) the male nucleus is seen approaching the female 
nucleus and the latter has produced a distinct bulge towards the 
former. Oorresponding to the bulge on one side of the female nucleus, 
there has been produced a concavity on the opposite side. But how far 
this is normal the writer is not prepared to vouchsafe. Blackman (3) 
in comparing the sizes of the larger male nucleus and the female 
nucleus states, * The ratio of the diameter of the male nucleus (which 
has a nearly spherical form) to the long axis of the (ellipsoidal or egg- 
shaped) female nucleus at the time of the fusion is usually about one- 
third, but cases have been observed in which it is as much as one-half.’ 
The present writer has not come across any cases in which this ratio 
approaches one-half. In all the cases which came under his observa- 
tion the ratio was about one- third. 

On reaching the female nucleus the male nucleus becomes lodged 
in a depression on the upper side of the former (plate V fig. 24)- 
This is figured from a preparation fixed near Chamba on 1st July, 1920. 

The next stage which the writer was able to secure corresponds 
exactly to Blackman’s (3) fig. 23, plate 13. It shows the former limits 
of the female nucleus within which towards the upper side the first 
segmentation spindle is formed (plate III fiig. 25). The spindle is 
wholly intra-nuclear and the paternal chromosomes cannot be dis- 
tinguished from the maternal. A number of thin rod-like chromo- 
somes can be seen. This stage was fixed at Lahore on 30th April, 1921. 
Now Ohamba is 125 miles, as the crow flies, to the north-east of. 
Lahore. The latitude of Lahore is SI"" 30' N ; the longitude is 74° 15' 
E ; and the altitude 720 feet above sea-level. The latitude, longitude, 
and altitude of Chamba are 32'' 29' N, 76° 10' E, and 3,027 feet above 
sea level respectively. For this distance and altitude the development 
near Chamba is late by two months. 

The two nuclei formed as a result of the first division are seen in 
(plate Y fig. 26). These nuclei divide simultaneously and very soon. 
Plate HI fig. 27 represents one of them. The directions of these 
mitotic figures bear no definite relation to the direction of the preced- 
ing mitotic figure. The spindle is not surrounded by a clear space 
crossed by bands of protoplasm as figured by Blackman (3) for 
P. silvestris. 

Fate of the other nuclei from the pollen4uhe. 

The second male nncleus, and the stalk cell are disorganized very 
quickly. In some cases by the time the fertilized nucleus has divided 

22^-3 
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infio four sag menfeafjion nuclei they cannot be traced at all. - The 
■writer has seen one of these nuclei dividing mitotically just beneath 
the neck of the archegonium as described by Ferguson (23, 24)? but 
it is extremely hazardous to state which it was. The tube nucleus 
which is fairly large (or which is the largest of all the nuclei in the 
pollen-tube) has been seen by the writer lying immediately below the 
neck-cells of the archegonium in many cases and so blocking the 
passage. It is often quite spherical and contains some dark staining 
granules. In other cases it is somewhat compressed and shows a 
distinct reticulum. The writer thinks that the former case shows 
only a disorganizing tube nucleus at a later stage than that at which 
it shows a distinct reticulum. When it is disorganized completely a 
very thick wall-like structure is to be seen below the neck which the 
writer takes to represent the last remains of the disorganized tube 
nucleus. 

The Four Segmentation Nuclei, 

The four segmentation nuclei when they lie about the centre of 
•the archegonium are generally elongated in form. They are sur- 
rounded by fibres which lie very close to the nuclear membrane. 
These fibres become more pronounced during the descent of the nuclei 
towards the base of the archegonium (plate IV fig. 28). When the 
nuclei have reached the base of the archegonium they arrange them- 
selves in one plane. No nucleoli are to be distinguished in these 
nuclei at any time. Plate IV fig. 29 shows the nuclei arranged at 
the base of the archegonium. They show an open reticulum at this 
stage and the staining material is rather small in comparison to the 
size of the nuclei. The cytoplasm about the nuclei shows a fine 
granular structure but the granules are slightly bigger than those of the 
cytoplasm in the upper part of the archegonium. Moreover this 
cytoplasm surrounding the four nuclei stains differently from the 
general cytoplasm of the archegonium. It takes the gentian violet 
readily. At this time the fibres surrounding the nuclei seem to have 
disappeared. 

Pro-emhryo and walU formation. 

The divisions of all the four nuclei take place simultaneously^ 
The spindles show a range of variation, the poles being sometimes 
normal and sometimes truncated. A very obvious change has taken 
place in the cytoplasm surrounding the dividing nuclei. It shows 
very big coarse granules but there is an area of clear space with fine 
granules immediately surrounding each spindle. Only one of these 
spindles is seen in plate IV fig. 30, although as above remarked all 
the nuclei divide simultaneously, 
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The cross- w fehe pro-embryo are formed in cormection with 

the first division of the four nuclei. Vortical wall-formation in the 
pro-embryo also begins at this stage. Kildahl (34) thinks that the 
vertical walls are formed in connection with secondary fibres which 
radiate from the spindle in the first division but since the present 
writer has not been able to see any radiating fibres, he thinks the 
fibres which goto form the vertical walls, arise independently in the 
cytoplasm, The formation of these vertical walls begins in the 
middle and proceeds both ways, towards the base and the top. 

This wall-formation in P. longifolia does not fall in a line with 
the observations of Blackman (3) on P. sihestris. This writer reports 
wall-formation at the 4 nuclear stage. Ferguson, (24) however, dis- 
agrees with Blackman and states that ‘ in the five species of pines 
which I have studied cell-walls do not arise until after 8 nuclei have 
been formed.* This is exactly what obtains in longi/olia. 

Most of the coarse granules in the cytoplasm referred to 
above disappear when the pro-embryo shows four lower cells (comple- 
tely walled) and four upper nuclei (because they are open above 
plate IV fig, 31). 

The next division in the pro- embryo takes place in all the nuclei of 
the upper tier simultaneously (plate IV fig, 32 . Kildahl (34) states 
that it may take place in the lower tier also, but this has not been 
observed by the present writer. Miyake (46) found in Picea e^celm 
that tbe nells of the upper tier divide first as found in P. longifolia. 
Cross and vertical wails are formed as before. The pro-embryo thus 
reaches the three tiered stage (plate IV fig. 33) with four cells in 
each tier. The uppermost nucleus is not seen in the section sketched. 
The cells of the middle tier seem as if wedged in between the other 
t^o tiers. 

The next and the last division in the pro-embryo takes place in all 
the cells of the lowermost tier simultaneously. This again is as it 
happens in Picea excelsa as reported by Miyake (46). Thus the pro- 
embryo reaches the four- tiered stage. The pro-embryo has now com- 
pleted its development and consists of three tiers of four cells each, 
which are completely walled, and the uppermost tier of four cells 
which communicate with the cytoplasm of the egg on the upper side. 

Formation of the Embryo and the Su^ 

After the pro-embryo has completed its development the cells of 
i’he second tier (suspensor tier) from below or the third tier from 
above, begin to elongate (plate IV fig. 84). A very long suspensor is 
thereby produced which carries the lowermost tier of four cells (the 
embryo tier) down into the female prothallus; As the growth of the 
embryo proceeds the cells of the axial region of the female prothallus 
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assume an elongated form, parallel to the long axis of the prothallus. 
Thus they seem to offer less resistance to the downward pushing of 
the embryo. These prothaliial cells and others at a fair distance from 
the embryo are rich in granular contents which have been tested for 
starch and give the characteristic blue reaction with iodine solution. 
This starch seems to be for the nourishment of the growing embryo. 

Discussion. 

It has been stated that the proximal parts of the basal whorls of 
scales protecting a cluster of male cones stick on to the branches for 
thirteen years in some cases. Such branches are almost equal in 
thickness near their apical and basal ends. Apparently, therefore, it 
seems that very little secondary growth takes place, if at all, during 
these years. It has been observed that however young an axis may 
be (even two or three years) if it happens to branch, secondary growth 
in the parent axis is very vigorous. As a result it grows in thickness 
very soon. If no branching takes place a shoot may remain without 
appreciable secondary growth for a long time. 

In regard to the female cone and the megaspore-mother'Cell the 
writer's observations are generally in a line with those of Ferguson 
(24) on Pimis species. The case of Pinus Laricio (14) in the vicinity 
of Chicago is rather interesting. In this species the female cone 
begins to develop at about the same time as in P. longifolia but 
development continues till October when the resting period begins. 
The resting period begins just in the beginning of winter. In 
longifolia the resting period begins in May which marks the beginning 
of summer in Lahore and continues through the succeeding winter. 
So while the cones in P. Laricio continue to grow through summer, 
those of P. longifolia: stop their growth just in the beginning of 
summer. Table I has been compiled for the sake of comparison 
from the data available for different species of Pmw^. It is obvious 
that the schedule for P, laricm given by Coulter and Chamberlain 
(14) is applicable to P. in Lahore with slight modifications. 

Syngamy takes place in Chamba about the 1st July. This date is 
identical for P. Laricio in Chicago. It seems, although actual obser- 
vations have not been made (except the one given , above), that the 
schedule for P. longifolia in Chamba may be identical with P. Laricio 
in Chicago. 

The megaspore-mother-cell in P. longifolia becomes evident very 
early in the life of the ovule. It is one of the deep-lying cells of. the 
nucellus. The only reference which is not in accordance with this 
general rule is that for Lariz (66). In this case Strasburger found an 
hypodermal archesporial cell, which divided periclinally into an outer 
primary wall cell(* tapetal cell ’) and an inner primary sporogenpus cell. 
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In feaving a single megaspore- mother-cell P. longifolia is similar 
to the other species of. Pintis so far investigated and LaTiz. This 
number is constant in the Abietineae but is not so in Taxodineae and 
Oupressineae. Another feature which distinguishes the Abietineae from 
the Taxodineae is the presence of the spongy tissue about the megas- 
Pore-mother-celi in the former. 

As in the other Abietineae this deep-seated megaspore-mother- 
cell undergoes meiosis. The female gametophyte develops in the same 
manner as in the other Ooniferalas and also in Gycadales and Gink- 
goales. The archegonial initials can be located as soon as the gameto- 
phyte shows a continuous tissue. They follow the same course of 
development as those of other Pinaceas. The venter of the archego- 
nium shows a very vacuolate cytoplasm. When the archegonium 
nears maturity these vacuoles become filled with a certain substance 
and form proteid vacuoles. This is exactly similar to what has 
recently been described by Chamberlain (ll) for Cycads. These 
proteid vacuoles were at one time supposed to be the nuclei of the 
surrounding jacket cells which had migrated into the archegonium. 
‘ Even after Strasburger had shown that these deeply staining 
masses are not nuclear in nature, but the best organized arb the so 
called proteid “ vacuoles/* Arnoidi (2) described the behaviour of 
mlgJ^ating nuclei ’ fl4). Coulter and Chamberlain (14) have argued 
that * the bodily transfer of nuclei or any solid material is impossible.’ 
Now Chamberlain for Cycads aad the present writer for Pimis have 
actually seen them arising within the egg cytoplasm, so that if final 
and definite proof against the migration of nuclei was needed, it has 
been given for two Gyrnnosperms. 

A ‘ notable feature of the Abietineae is the formation of a true 
ventral canal cell.’ Among the Taxodineae the ventral canal nucleus 
is cut off but no cell-plate is laid down. This nucleus is sometimes 
very ephemeral. In the Cupressineae the ventral nucleus is cut off 
but it is very evanescent, perhaps more so than in the Taxodineae. 
Among the Araucarineae in Agathis a ventral canal nucleus is cut off 
(Ghose 29) but it is not mentioned whether it is as ephemeral as in the 
Taxodineae and Oupressineae. In Araucaria Burlingame (5) states 
* the central cell of the archegonium divides very late or perhaps not at 
alls except in cases of delayed fertilization.’ So Araxioaria most nearly 
approaches, in this respect, Torreya (15) in which there is no ventral 
canal cell, the nucleus of the central cell becoming the egg nucleus/ 
From these observations the general tendency among the Coniferales 
towards the elimination of the ventral canal cell is quite obvious. 

In regard to the period that elapses between pollination and 
syngamy recorded cases according to Coulter and Chamberlain (14 
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fall into two categories. One of them includes cases in whicli pollina- 
tion occurs in one season and syngamy the next. The other in which 
pollination and syngamy occur during the same season. Finns 
long i folia belongs go the Erst category. Table I gives the relative 
dates for different species of Finns in different localities. 

The female nucleus does not get surrounded by a cytoplasmic 
mantle as is known for Torreya taxifolia (16), Junipenis (52,53) 
Tamodmm (13), Sequoia (37), Thiifa and Ephedra (36). From what has 
been stated above about syngamy, it is clear that P. longifolia agrees 
with other species of Firms. A close series of stages being not available 
to the writer, he is not in a position to say whether cross-segmenta- 
tion of haploid number of chromosomes after pairing does take place in 
P. longifolia ox not as has been described in Abies by Hutchinson (33), 

In P. longifolia and in all the species of Finns on which Ferguson 
(21) 'worked, she found that cell- walls do not arise in the pro' embryo 
till after eight nuclei have been formed. In P. sihestris it is stated 
by Blackman (3) that wall-formation takes place at the four nuclear 
stage. So within the limits of a single genus in which the various 
species show so close a resemblance in other respects, the wall forma- 
tion in the proembryo may not be similar. In the genus Ficea (46) 
wall-formation takes place exactly as in the majority of Finns species. 
Then in regard to the mode of origin of these walls there seems to be 
some disagreement. Kildahl (34) states that the vertical walls are 
formed in connection with secondary fibres which radiafce from the 
spindle in the first division. Ferguson (24) does not say anything on 
this point. The present writer thinks that these walls arise quite 
independently of the spindle fibres because he was unable to see any 
radiating fibres. This mode of wall- formation in the pro-embryo of 
Finns finds an analogy, though very remote, to the condition met with 
in Stangeria (9). From the figures which Chamberlain (9) gives for 
this genus, it seems that walls in the pro-embryo are not laid, down in 
connection with any spindle fibres bub arise independently in the 
cytoplasm. 

V, Microsporogenesis* 

Introductory. 

In the years 1920, 1924 and 1925 male cones of Finns longifolia 
were sectioned by the writer by the parafiSn method. Flemming’s 
weak and strong. Herman’s, Beasley’s and corrosive sublimate 
(aqueous) solutions were tried as fixatives. It was found that except- 
ing the earlier stages of development the paraffin method after any of 
the above fixatives was not successful By this method good 
preparations were , secured up till the formation of the microspore- 
mother-cells. But as soon as the mother- cells entered upon the first 
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hoterdlypic division the fisafcives failed fco fix properly. This seems 
to be due to the mabilifcy of the fixatives employed to enter the cells. 
And the cause of this impermeability of the cells, the writer opines, 
is the large quantity of a resinous substance in the sporophyils and 
the axis of the male cone. 

Lawson (37) in his paper on Sequioa sempervirem makes the 
following statement : — ‘‘There are few groups of plants that offer 
more difficulties in the way of cytological research than the Ooni- 
ferales. The structures that are of greatest cytological interest are 
usnaliy buried deep in the other tissues thus requiring very careful 
dissection before being placed in the killing fluids. Then, again, if 
resin is present, as is usually the case, a rapid penetration of the fluid 
is impossible.*’ Burlingame (4) working on Aramaria hrasiliensis 
mentions some similar difficulties and because of these he could not 
follow the reduction divisions closely. He figures only a few stages. 

Chamberlain (lO) recommends a method for following spermato- 
gensis in Plnus. That method was tried but could not be followed 
because the divisions in the microspore-mother-cells of all the 
sporangia in a cluster of male cones are almost simultaneous. It was 
always found that the same stage of development obtained in the apical 
mala cones of a cluster as the one found in the basal male cones* So 
that material had to be fixed in the field day after day. 

In the winter of 1925‘-26 Eiemming’s weak fluid was again tried. 
The material after being fixed and washed was dehydrated very care- 
fully beginning with 5% alcohol and brought up through 10%, 20% 
etc. It was found that even with all these precautions the mother- 
cells were plasmolysed. In January 1926 Taylor’s (72) smear method 
was tried for the reduction divisions. Taylor in describing hi? 
method recommends slides cleaned by a long stay in battery fluid to 
ensure fixation of the mother-cells. The present writer used ordi- 
nary new slides and felt no difficulty whatever. Before making a 
smear stamens from a cone were always crushed in water and exam- 
ined in the field to see if they were at the right stage. After this 
preliminary survey, a cone from the vicinity of the one which showed 
any desirable stage was taken and cut longitudinally into two halves. 
One of these two halves was always discarded and the other rubbed 
smartly with the cut surface downwards on a dean slide to obtain a 
smear. Examination of the slides after staining showed that by far 
the best preparations were those in which the cut cone was dragged 
but once on the slide. Obviously this gave a thin smear and took 
less time than otherwise. Moreover a second rub would mechanic- 
ally tend to remove the material which might adhere to a slide after 
the first rub. The smear Wing made the slide was then placed with 
the smeared face downwa^S op a glass rod in a petri-dish containing 
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the fixative according tio Taylor (73). In doing this great care tad 
to be exercised to bring the entire smear into contact with the fixa* 
tive all at once. The slide was allowed to remain in this condi- 
tion for two or three minutes and then turned right side up. The 
fixative was allowed to act for 15 minutes in all. The slide was 
then transferred to a tube containing water. A number of slides 
prepared in this way after one or two changes of water were 
carried to the laboratory while still in water. Washing in water 
was done usually for about an hour or so. After bleaching with 
hydrogen peroxide solution the slides were stained as usual. Hei- 
denhain’s iron-alum-haematoxylin was used for staining throughout. 
No difficulty was met with in obtaining brilliantly stained prepara- 
tions. 

By the above method very good slides were secured and the re- 
duction divisions followed in a very short time indeed. The smear 
method proved successful where the ordinary paraffin method had 
failed. 

Taylor (73) has employed this method mainly for Monocoty- 
ledonous plants. The experience of the writer shows that it can be 
used for Gymnosperms as well. 

The fixative used in 1926 did excellently for the nucleus. When 
living material was again examined in 1927 it was found that the 
fixation of cytoplasm was not so perfect. Therefore to fix the cytoplasm 
more satisfactorily Gatenby’s (26) suggestion of leaving out acetic 
acid from the fixative was followed. Flemming’s strong without acetic, 
Taylor’s without acetic, vapours of osmic followed by Eegaud’s were 
used simultaneously with Taylor’s to compare and contrast the effects 
on cytoplasm. The fixation of cytoplasm was no better with the first 
two fixatives than heretofore while Eegaud’s proved a failure. 

Sequence of Development in the Male Gones, 

The clusters of male cones are initiated in the month of September 
in the vicinity of Lahore, Lat. 31° 30' N., Long. 74° 15' E. and 
Altitude 720 feet above sea-level. Material fixed on the 26th 
September, 1920 showed the individual male cones as conical axillary 
structures consisting exclusively of meristemabic cells. During early 
October the individual microsporophylls become distinguishable. On 
the 18bh October, 1920 the fertile proximal part of the microsporophyll 
was observed marked off from the sterile distal part. In cones fixed 
on the 26th October, 1920 the two microsporangia were seen delimited 
from each other in as much as there were two or three layers of 
vegetative cells between two patches of meristematic cells on the two 
sides. It should not be understood that all the cones in a cluster are 
at fchf same stage of development. While those neat the base 
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approximately show the stages for which the dates have been given 
above, those near the apex are usualiy much younger at this time. 

Gradually by the 11th November the 3 or 4 wall layers of the 
sporangium get defined. By the 15th December the cells of the 
outermost layer of the wall get filled up with resim Such cells in 
sections appear filled with a homogeneous substance, Eerguson 
( 24 ) states that such ceils lose their nuclei. The writer has observed 
nuclei in these cells in cones fixed as late as January 24th. By this 
time most of the cells of the sporophyli and the cells of the wall except 
the two innermost layers get this resiniferous deposit (plate YI fig. 35). 
It is this deposit, the writer thinks, which hinders the penetration of 
the fixatives by the ordinary paraffin method. 

Demarcation of Dehiscence. 

The cells of a longitudinal plate of 3 or 4 cells towards the mid- 
ventral line of the sporangium do not get filled with the resiniferous 
substance (plate VI fig. 35). This is about the third week of 
January before the reduction divisions. It is in the middle line of 
this plate of cells that dehiscence takes place later on when the 
spores are ripe. So far as the writer is aware no one has made a 
mention of this demarcatioo of dehiscence or figured this plate of cells 
in Finus, In the microsporangium of Ceratozamiat however, Cham- 
berlain (8) has described and figured a similar structure. 

The tapetum as a distinct layer was made out in cones fixed on 
the 15fch December, 1924, It appears to be the modified outermost 
sporogenous layer because some cells more like the sporogenous cells 
lie in between the tapetal cells. Ferguson (24) states that in the 
species of Finns which she studied except P- Strobus, the tapetum 
cannot be distinguished during the early stages of development from 
the other tissues. It is first clearly differentiated in spring when the 
mother-cells are in the early prophase of the heterotypic division. 
The present writar^s observations go to show that the tapetum as a 
distinct layer is differentiated in P. longifolia much earlier in the 
life-history when compared with P. rigida, maritima, etc. 

The growth and divisions of the sporogenous cells since the earli- 
est stages, are continuous and uninterrupted till the pollen-mother- 
cells become recognizable in January. In Finns longifolia there is no 
winter rest either before or after the formation of the mother-cells or 
pollen grains. The mother-cell stage in P. longifolia is reached in 
January after continued growth and division. Before the reduction 
divisions the scales in the axils of which the male cones arise are 
closely appressed to the cones themselves. When the mother-cells 
have been fully formed and are ready to enter upon the hetero- 
typic division, the ‘scy els open out. Ibis is apparently due to 
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tlie growth of tihe male cones whic^ bakes place vigorously at 
tWs. time. So the position of febe scales can serve as an index for 
the reduction divisions. In the year 1925 the reduction divisions in 
the pollen-mother-cells were observed, from the 28rd January to the 
1st of February. In 1926 these divisions were observed from the 24:tH 
of January to the lat of February. This overlapping of dates was a 
very fortunate coincidence. It should not be supposed. that reduction 
divisions take place during the same days every year. There niay be 
a slight shifting backwards or forwards of this time in different years* 
This shifting has been attributed to climatic factors by Ohamberlain 
(10). 

During the first week of February the male cones elongate rapidly, 
the sporangia open along the middle line of the plate of cells already 
indicated and the pollen grains are shed, 

Tha Reduction Divisions in the Pollen^Mother-Cells. 

The mother-cells before entering upon the heterotypic division,— 
The reduction divisions as stated above taka place in D longifoUa 
during the last week of January. The mother* cells immediately before 
this are very closely packed within the sporangium. Only the fcapetal 
cells are loose and seem to be undergoing disorganization. The 
mother-cells themselves are polygonal (plate VI fig. 36). The cell 
walls are thin. The nucleus is very large when compared with the 
size of the cell and the quantity of cytoplasm contained. The nucleus 
seems to fill the entire cell cavity* the cytoplasm being confined to the 
corners only (plate VI fig. 37). In form the nucleus is approximately 
spherical. It shows a close linin network with small chromatin 
granules uniformly distributed upon it. The chromatin granules are 
not confined to the net-knots of the linin threads only. They are found 
along the threads too, although the size of those granules found at the 
net-knots may be appreciably larger than those of the . rest. The 
number of nucleoli has been counted in sections and may be 3 or 4 in 
any one of them. It is very difficult to count their actual number 
in a nucleus. Their staining reaction is very faint and some of them 
are vacuolate. 

The structure of the nucleus at this time in P. longifolia is 
similar to that described by Lewis (42) for Finus Strohus* The 
writer can fully support the view expressed by Lewis for P, Strohus 
and Woolery (76) for Smilacina the number of chromatic 

bodies in the resting nucleus bears no definite relation totbe number 
of somatic chromosomes as has been shown for a number of plants, 
viz^ in Thalicirtm purpurascens^ Hellehorus foetidus, and Campanulq, 
grandis by Overton (55) and in Oar ex by Stout (71). ^ . 
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The cyloplasin o! the moUier-cell is vacuoiafie. Thera are mito- 
ohondria or ohrondriosotQes both of the fiiamentons and the spherular 
type. These latter structures the writer interprets as such because 
Mottier (50) working by a similar method found ohondriosomes in 
P. bmksiana. The spherular type of mitochondria were visible in the 
material in the living condition when examined in the field in water. 
At that time they looked like blue green homogenous bodies. 

Prophase , — During early prophase the staining reaction of the 
chromatin granules increases remarkably (plate VI fig- 38). The 
granules increase in size also till they look like droplets. Their size 
and number is so large that the original linin threads get obscured. 
This proceeds on gradually till the reticulum retracts from the 
nuclear membrane (plate VI fig. 39), and forms a close knot (the 
synizesis stage) along one side and the major part of the nuclear 
cavity remains empty (plate VI fig. 40). In many mother-cells it 
was found that the synizefeic knot remains connected with the nuclear 
membrane by strands as shown by Mottier (49), and Woolery (76), No 
membrane, however, could be indentified around this synizetic knot 
as reported by Latter (41) for Lathyrm, 

Near the close of synizesis stage a continuous thin spireme can 
be made out within the synizetic knot (plate VI fig. 41), This con- 
tinuous chromatic thread shows alternating heavier and lighter parts 
along its length. 

These prophasio changes may not be simultaneous in all the 
mother-cells. "While some may be showing early synizesis others 
may represent close of synizesis. In the cytoplasm the spherular 
type of miliochondria become more prominent. 

The wrUer could not make out in the pollen mother-cells of 
P, longifolia anything like the fibres which have been figured by Allen 
(l) in the pollen mother-cells of Larix during prophase. Neither 
has Lewis (42) seen anything similar to them in Pimis and Thuja, 

The chromatic thread seen during the close of the synizesis soon 
uncoils itself and becomes uniformly distributed within the nuclear 
membrane but more or less peripherally (plate VI fig. 42). Only 
one or two nucleoli can be made out within the nucleus at this time, 
the others seem to have disappeared. The staining reaction of the 
nucleus as a whole seems to decrease. This may simply be due to 
the spreading out of the spireme and thus may be only apparent and 
not real- The spireme is so long that after complete recovery there 
are so many turns and twists in it that one cannot trace its course 
within the nucleus. This is the open spireme stage. 

It is during this recovery after the first contraction that the 
mother-cells round off and glide on one another and so become loosb. 
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Lewis (42) reports the loosening of the miorospore-mofeher-celis in 
P. at exactl’S? the same stage. 

After the oells have become loose the spireme shows longitudinal 
splitting at certain places (plate YII fig. 43). 

The spireme gradually shortens and its thickness gradually 
inureases and the split disappears. This is the pachynema stage. 
Soon after this a second contraction takas place (plate VII fig. 44). 
As this figure shows this contraction does not result in the formation 
of such' a compact knot as the first contraction. In some cases a more 
well pronounced second contraction was seen (plate VII fig. 45) but 
the writer is not sura whether it is well marked in all cases. Pig. 45 
shows some very fine achromatic strands radiating from the nuclear 
knot at this time and reaching the nuclear membrane. By means of 
these the nuclear knot seems to remain anchored within the latter. 
Lewis (42) and Ferguson (24) make no mention of this second contrac- 
tion. When these writers published their accounts the first contraction 
even was held in doubt. It was believed to be an artifact. Cardiff 
(6) wrote in 1906 as follows ‘ In fact, the knot seams to be as often, 
if not more often, on the side of the cell where there is least cytoplasm. 
It was generally found, however, that in any one sporangium or group 
of sporangia all the knots occupy the same relative position in the 
nuclei, I offer as a tentative explanation of this, that the chromatin 
mass is of greater density than the nuclear sap and the position of the 
nucleolus and knot is due to gravity.’ Keeping this in mind the second 
contraction which is not so pronounced might have been overlooked 
by these writers, but since that time the first contraction has been 
recognized as a normal phase in the heterotypic division. 

When the chromatic thread recovers from this second contraction 
it is very much thicker than during any of the earlier stages and shows 
a number of loops (plate VII fig. 46). No nucleoli could be made out 
in tbe nucleus at this time. These loops have been reported for 
Lathyms by Latter (4 1) and by Gates and Eees (28) for Lactuoa. But 
in these plants the number of loops Gorresponds to the number of 
haploid chromosomes. The writer could not decide this point for 
certain in P. loTigifolia* Plate VII fig. 46 represents a cell where 
recovery has progressed to a certain stage, while plate VII figs. 47 
and 48, where it is complete. The chromatic thread shows a number 
of Large ohromomeres. This thread undergoes segmentation and each 
loop represents a bivalent pair. It can be deduced from the behaviour 
of the chromatic thread that the univalents came together first of all 
end to end and then curved over. This shows that the chromosomes 
in P. long if alia Gonjag-^te telosynaptically as reported by Lewis (42) 
for Finns and Thuja. Thus tee sequence of events corresponds to 
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Sobama B of Sharp (63), In figures 47, 48, young bivalent chromo- 
somes are more or less clear. At this time their outline is not 
qmte smooth. Bach pair shows a number of very large chromomares. 
Later on in several bivalents the univalents get twisted about each* 
other. Plata VII fig. 49 represents one such bivalent. So this is the 
strepsinema stage. The bivalent chromosomes go on condensing and 
thickening till the diakinesis stage is reached (plate VII fig. 50 
and plate X fig. 51). At this stage the bivalents exhibit fairly 
smooth outlines. They are found very much scattered within the 
nucleus. . 


At the diakinesis stage, (plate VII fig. 52 and plate X fig. 53), 
each univalent chromosome of a bivalent pair, in some oases, shows a 
longitudinal split. The writer is not sure whether this is the re- 
appearance of the same split which is seen during earlier prophase. 
This results in the formation of chromosome tetrads. In many cases 
the chromosomes remain adherent at one end but lie widely apart at 
the other end. Some of these .bivalent chromosomes may remain in 
telosynaptie union till this stage. Such telosynaptio bivalents have 
been described during late diakinesis for Oenothera (Gates 27) and 
GaresB (Stout 71). 

No worker, so far as the writer is aware, has reported chromosome 
tetrads in any species of Finns. They have been reported however in 

a large number of animals an(3 some plants, 

Metaphase.—&b the close of the diakinesis the nuclear membrane 
disappears and the spindle fibres make their appearance. The spindle 
fibres converge to very fine points at the spindle poles. During meta- 
phase the chromosomes are very thick, stumpy and dean staining 
In these metaphasic chromosomes the longitudinal splits which had 
resulted in chromosome tetrads during prophase become invisible 

the close of metaphase 

(plate \ III fig. oil The chromosomes in this figure are just going ' 
to part company. At this point the writer finds evidence to support 
^wis (42) rather than Ferguson (24). The former states that the 
bivalents separata into constituent univalents, while the latter sup- 
poses that the chromosomes separate along the longitudinal splits and 
so half of each somatic chromosome passes to each daughter nucleus 
and thus this mitosis according to Ferguson (24) effects an equational 
division. ^ 

• univalent chromosomes are like Vs the 

angle of the V being directed towards the pole. The univalent mem- 
bers of a bivalent pair are very much alike in size and shape, i.e., they 

Bundles of 

spmale fibres can be seen afetSfChed to the apices of Vs. 
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Ana'phase.'^K^ soon as the anaphase begins the distance between 
the arms of Vs decreases and chromosomes look like Us. Plate VIII 
fig. 55 represents a ceil in which anaphase has progressed pretty far. 
The chromosomes are pretfey long (iJ. they are longer than during 
metapbase or pro phase). It may be concluded that they get elong* 
afced during anaphase due to a pulling strain being exerted on them 
by the spindle fibres. However, all are not of the same length* 
In the two groups of chromosomes, the longer and shorter all 
show their former mates of corresponding size and shape. From 
plate VIII fig. 55 one can infer that the separation of the unival- 
ents in all the bivalents took place almost simultaneously. The 
split halves of chromosomes have a tendency to approximate still 
more closely and may ultimately come to lie almost parallel to each 
other. These observations are almost identical with those made in 
Pimis Strobiles md Thuja hj hewh 

In each of the two batches of chromosomes four very long chro- 
mosomes can always be detected. They show constrictions near 
their ends which are towards the equator of the achromatic figure. 

TeZopJiasc.— The chromosomes having migrated to the poles the 
spindle fibres become very prominent in the region of the equator 
(plate VIII fig. 56), and can be fairly weU made out in living material 
in the field. There is considerable overlapping of the fibres in the 
equatorial region. After reaching the poles the outlines of chromo- 
somes remain distinct for a time and the splits are also visible in 
many of them. 

The chromosomes of each daughter nucleus contract into a very 
compact mass which shows very few light areas. The outlines of 
individual chromosomes are obviously lost (plate VIII fig. 57). 
The chromosomes again separate and organize themselves into a net- 
work by branching. The branches may bo attenuated. The branches 
fuse and ultimately typical resting nuclei are developed (plate VIII 
figure 58), This behaviour of telophasic chromosomes corresponds 
to mode 1 of Litardito (4:3), There is no thickening of spindle fibres 
or deposition of granules in the equatorial region of the spindle but in 
a few cases a very fragile cell-plate has been seen. 

No nucleoli appear in the daughter nuclei during interkinesis. 
Ferguson (24) makes a similar statement. 

CytoMnesis » — Karyokinesis is not followed by cytokinesis as is 
generally the rule. The cell-plate is not to be seen during late 
telophase. It is concluded that it disappears very soon (plate X fig. 59.) 

A constriction furrow develops between the two daughter cells 
during interkinesis. It is fairly well marked but does not make much 
progress till after the second homotypio division* Harper (31) found in 
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thafe no celi^plate followed the first; division of the pollen- 
mothar-nuclaus and that the spindle fibres of the primary mitosis were 
untilized in the formation of the spindle fibres for the second division* 

ffergnson (24) on this point states, “ Contrary to the observations 
of Hofmeister (32) no cell wall is laid down and in only a very few 
instances has a slight thickening of the spindle fibres in the region of 
the cell-plate been observed.’^ She found no spindle fibres of the first 
division persisting till the second division as Harper did. The writer 
does not agree with fferguson. And neither does she say anything nor 
does she figure the invagination. 

Second ko7noiy pie division.-- The second homotypic divisions are 
initiated simultaneously in the two daughter cells formed after the 
fi.rst heterotypic division. The relative position of the two mitotic 
figures is very variable. 

Prophase,—ThQ earlist prophase is denoted by the reticulum of the 
nucleus becoming more open (plate Vill fig. 60). This is followed by an 
increase in size of the chromatin granules and their reaction to stains. 
Some of them coalesce into one another. This proceeds in such a way 
that a more or less continuous spireme is formed. This spireme 
in the beginning is not of uniform thickness but looks jagged. 
Gradually the chromatic material becomes evenly distributed along the 
length of this spireme. It undergoes a certain amount of shortening 
accompanied by consequent thickening. Oltimately it segments into 
a number of chromosomes (plate VIII fig. 61). They are fairly and 
uniformly thick. The chromosomes lie entangled among themselves. 
The entire mass of chromosomes fills about 2/ 3 of each cell (plate IX 
fig. 62 a 

Here again, in the behaviour of the spireme the writer finds 
evidence to support Lewis (42) rather than fferguson (24), The latter 
states that the spireme forms loops across the spindle and as cross- 
segmentation proceeds the loops undergo longitudinal fission. Accord- 
ing to fferguson the spireme takes its position on the equator of the 
spindle, while according to Lewis and the writer the spireme segments 
much earlier into the chromosomes. The nuclear membrane disappears 
and the chromosomes occupy the equator of the achromatic figure 
(plate IX fig, 63). 

Metaphase . — The chromosomes are pretty long structures at this 
time but not so very thick (plate IX fig. 63). When lying at the 
equator of the achromatic figure their longer axes are parallel to the 
longer axis of the spindle. They show longitudinal splits very clearly. 
The equatorial plate of chromosomes is fairly broad and almost fills 
the whole of the cell breadth-wise. This mitotic figure presents a very 
sharp contrast to the ptme stage of the previous heterotypic division, 
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The spindle fibres are very weakly dayelopecl Uiis time or they 
are not brought out very clearly by the smear method. Ferguson (24;) 
also does not figure them very prominently, so that one can infer that 
they are really weakly developed and that the' smear method is not to 

blame. ; 

The meta-phasa v/iien compared with the propbase lasts for a 
shorter time. This, the writer deduces from, the fact that in prepa- 
rations where many cells show propbasic changes in progress cells 
showing metaphase are much fewer in number, 

Ana 2 jIiase.--WhQn moving towards the polos the chromosomes 
become bent and so assume the form of Us or Ys (plate IX fig. Gl). 
They lie fairly apart: from one another and their angles point towards 
the poles. During this time the cleavage furrow which appears 
during the preceding interkinesis makes some progress but it is not 
sufficient to pinch off the two daughter ceils. 

Telo23hase . — The chromosomes after reaching the poles remain 
grouped together for some time with their ends pointing towards the 
equator (plate rX fig. 6d). The outlines of individual chromosomes 
can be made out more or less clearly at this time. The spindle fibres 
which are not conspicuous either at metaphase or during anaphase 
become very conspicuous (plate IX fig. 65). Soon after the chromo- 
somes contract into a spherical nucleus which develops a nuclear 
membrane. Within this membrane the chromosomes become united 
and form a skein (plate IX fig. 66). The skein seems to be peri- 
pherally placed and spirally coiled. This is quite in conformity with 
Ferguson’s (24) observations. The skein branches. The branches run 
Into each other. Gradually certain spots on the skein fail to take up 
the stain. Ultimately the resting nucleus is formed. 

Since no vacuoiation in the chromosomes could be made out the 
talophasic changes fall into group 2 of Litardi^re (43). 

While the second homotypic division is in progress the cleavage 
furrow laid down during the preceding interkinesis makes some pro- 
gress but does not separate the two daughter cells quickly (plate X 
fig. 67). 

An ephemeral cell- plate can be made out during the second homo- 
typic division. Ferguson (24) does not say anything at all in regard 
to this cell-plate. During the close of the first division the cytoplasm 
of the mother-cell separates from the wall. The furrow previously 
laid down proceeds afar arid another invagination appears between the 
grand daughter nuclei (plate 'X fig. 67). In this way the cyto'jslasm of 
the mother-ceil cleaves into four parts. While this is going on a thick- 
ening appears on the cell- wall opposite to the first furrow. This grows 
centripetally. Another thickening but not so large as the formeic 
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appsats'on the cell- wall opposliie tho second farrow. By tba centri” 
petal growth of these thickenings, the mother'cell which has already 
claaved into four parts, becomes quaclri-partitioned. The tetrads 
(plate IX fig. 63) may be tetrahedral or bilateral. The young spores 
develop their wings within the partitioned mother-cell. They ulti- 
mately come out through dafinita openings appearing in the outer 
walls of the mother-cell. 

These observations on cytokinesis were confirmed in January 
1927. It is advisable to remark here again that the slight amount of 
shrinkage which is seen in plate VIII figs. 54, 55 is not at all dao' 
to the action of the fixative because the cytoplasm of the mother-cell 
has been seen detached from the surrounding wall in living material 
examined in water. So the shrinkage is natural and cannot be attri- 
buted to the fixative or any subsequent operation. 

So far as the writer is aware, among Gymnosperms, Saxton f6l) 
only has definitely described cleaving of the microspore-mother-cells 
in Tetraclinis, He states ‘ the cytoplasm cleaves into four equal 
parts.’ It is not stated whether the mother-cell becomes partitioned 
subsequently or not. In regard to Junipems the evidence is conflict- 
ing. Norons (53) states that four spores are formed in an unpartitioned 
mother-cell. Nichols (52) working on the same genus maintains that 
the mother-cell becomes partitioned. But more of this hereafter in 
the discussion. ' 

The Number of Chromosomes*— The diakinesis stage is specially 
well suited for counting the number of chromosomes. Accordingly 
at this stage several counts were made. In ail clear cases 12 bivalent 
chromosomes wore found. Among these 12, four very long ones could 
invariably be detected (plate VII fig. 50 and plate X fig. 51). All the 
rest were almost of the same length. Approximately the longer ones 
were to the shorter ones as 3 is to 2. So the haploid and the diploid 
numbers are twelve and twenty- four respectively. Eor counting the 
number of chromosomes the smear method is an advantage over the 
paraffin method, ip as much as here one counts them in entire cells 
and the possibility of a mistake which is always present in counting 
them from sections is avoided. This is a very real advantage when 
one has to deal with sporogenous tissue or any other tissues in which 
the cells are large in size and divide simultaneously, it being very 
difficult to spot the same ceil in .two successive. sections. 

Starch grains in the .—Starch grains make their, 

appearance in the cytoplasm of the mother-cells during early prophase. 
They are to be seen in the ceils throughout meiosis and are present 
in the -poller^ grains also., They are visible Jn the living material 
n the field i^nd stain deeply with iodine^- They cannot be seen in 



LIFE-HISTOEY OF PINUS LONGIFOLIA, - 133 ' 

preparations stained witli haematoxylin after any of the above fixatives* 
This is the reason ■why they have not been shown in the figures. 
Their structure is homogeneous and a hilum like granule as figured 
by Saxton (61) in the starch grains of Tetradinis be seen, 

The Male Gametophyte. - 

Two prothaliial , cells* are cut off while the pbllen. grain is still 
within the sporangium. These cells are more evanescent perhaps 
than in the other species of Pinus because they disorganize very soon 
and the pollen at the time of shedding stage shows no indications of them. 

Discussion* 

The sequence of development of the microsporangia in P. longi^ 
folia is not in accord with the statements of Chamberlain (lO), and 
Coulter and Chamberlain (14) who state that ‘ in most o‘f the recorded 
cases the microsporangium passes the winter approximately in the 
mother-cell stage.’ 

In P. longifolia the vrriter has observed the sporogenous cells in 
an active state of division in December. December,* it sbotild be 
remembered, means mid-winter in the Panjab. The writer’s experience 
is more in accord with Ferguson’s (24) who seems not to agree with 
Coulter and Chamberlain in regard to P. Laricio* She states, ‘ Had 
Coulter and Chamberlain examined the microsporangia in the latter 
part of March they would doubtless have found typic diyisiohs taking 
place in the archesporiai tissue.* 

In this connection it will be of interest to mention Lawson's 
(38) work on Cryptoneria iaponica* In this plant male cones appear 
in October. Bed action divisions take place in the latter part of 
October or November, pollen grains are separated before the first of 
December and pollination takes place in the following March. 
Obviously in Gryptomeria theve m no winter rest preceding the 
reduction divisions. In P. longifolia though it takes almost the same 
time for ripening tbo pollen, as has been shown above, the develop- 
ment proceeds in a leisurely fashion ic. the first few stages take more 
time while' the last few take less time when compared with Crypto^^ 
meria* 

Eobertson (58) reports, *the male cones of Torreya calif ornica 
pass the winter in the mother-cell condition*. The present writer 
has carefully gone, through Eobertson’s paper and finds that it 
is difficult to reconcile this observation with what she states 
further on in the paper. The first collection which Eobertson 
studied was made in November and the nsale cone showed ‘ pollen- 
mother-cells already formed and the cell division taking ' place. 
The nuclei are large and fill the cells*. Further, * in cones of thfe 
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dale, (Marcli,4t4) a cerfeiii number of sporogenous. colls are in a state 
of, division though these- are fewer than 'in the November materia!/ 
So if divisions in the sporogenous tissue take place in March the 
mother-cells are organised io spring. ^ 

. Diiplsr ('20} reports that in Taxiis canadensis hhe winter at 
Huntingdon,' Penasylvaniia, is passed in the micrdspore stage. 

So as against five plants in which there is, according to. Coulter 
and Chamberlain, a winter rest, the writer can cite the ioilowing 
plants: F. iongi/olia^ P.painla^ P. rigida, P. resinosa, P. miUriaca^ 
F, Stj’ohns, P. maritima, Grppto^mria japonica^ Jmiipertts virginianas 
Taxiis canademis. This makes the number of genera 4 and species 
10 in which there is no winter rest and if Robertson’s Torreya 
calif Of nica in included the number of genera would come up to 5 and 
the number of species to 11. Over and above these fects, the doubts 
which Fergusou (24) entertains are well worth a consideration. 

So winter rest is not essential for all Goniferales. 

Meiosis. 

From the description which has been given above it can be easily 
inferred that the heterotypic division follows the scbame indicated by 
Farmer and Moore (21) and designated as scheme B by Sharp 
(63, B'i). Ferguson’s (24) conclusions are not in a line with those of 
Farmer and Moore (21), Lewis (42), and other writers of that scbooL 
It is not proposed here to discuss the dih'erencas in the views 
held by the telosynaptisfs and parasynaptists, but merely to put 
forward the evidence afforded by PalongifoHa supporting telosynaptic 
interpretation. / . 

Writing on Synapsis (Synizesis) in 1911 Lawson (40) interpreted 
the phenomenon as * a growth period of tlie nucleus/ According to 
him synizesis consists in an ‘ extension of the nuclear cavity/ ‘ The 
chromatin mass is left behind and its characteristic position at one 
side of the nuclear membrane is a perfeclsiy natural one/ 

On this Saxton (61) writes, * But even his (Lawson’s) own figures, 
as mentioned in a critioism by Professor Farmer, do not support his 
contention/ The present writer believes that expansion of the nuc- 
lear cavity and contraction of the nuclear reticulum both proceed 
simultaneously, otherwise the tight synizetic knots figured for various 
plants and animals cannot be explainecL simply by saying that the 
chromatic iimtetial is left behind .by the growing, nuclear membrane. 

Sharp (64) gives a list of some plants in which chromosome 
tetrads have been described so ■ far. Hiikamiira (59) and Chambers 
and Sands (19) interpret reported 'plant and animal tetrads as pairs 
of constricted chromosomes. Boferiiig to Taylor’s (73) work on 
Qasteria Sharp (64) states, / On the other hand the newer evidence 
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brought forward by W E,. Taylor iti his "studies on the cbromosomes 
of a affords stirong confirmation of the suspicion that the 

geinini of plants really have a quardruple constitution/ 

, In Pimis loiigifoUa the eriplanation of Sakamura (59) and Cham- 
bers and Sands (12) does not seem .adequate. In ■ the ease of the 
tetrad marked A (plate YII fig. 52. and. plate X fig. 53) and some others 
the question of constriction does not arise at all. The formation of 
this tetrad is clearly due to longitudinal splits appearing in the two 
conjugating mates. The tetrads observed in Phms longifolia conform 
to the description of the Bod- tetrads of Wilson (75). Some are of 
Anaschistic type while others are of Diaschistic type. 

In regard to the separation of chromosomes in the anaphase of 
the heterotypic division, Ferguson (24) bolds that half of each 
somatic chromosome passes to each daughter nucleus. The writer 
has carefully compared Ferguson’s figures with his own, and 
believes that there is only a difference of interpretation. If 
what Ferguson considers halves of two somatic chromosomes 
be taken for the split halvas of a single univalent chromosome, 
as Lewis’ did, her observations can be brought into conformity with 
those of Lewis and the present writer. 

CgioMneus, 

Evanescent cell- plates are laid down during the telophase of both 
divisions. A constriction furrow appears after the first division which 
makes, at any rate, a slow progress. After the second homotypio 
division another constriction furrow develops. These furrows cleave 
the mother ceil into four spores. Later on due to centripetal growth 
of thickenings the mother-cell becomes partitioned. So the quadri' 
partition of the mother-cell is brought about primarily by furrows 
and secondarily by the centripetal growth of cell-walls. 

These conclusions are at variance with those of Ferguson (24) 
who definitely denies the presence of any cell-plate in the first hetero- 
typic division, and makes no mention of the cell-plate in regard to the 
second division. She, however, did not bestow her special attention 
on, cytokinesis. 

Saxton in his paper on Tetrmlink (61) reviews the situation in 
other gymnosperms on this point. * In Oycads investigated and 
Ginkgo, the mother- cell Is chamberacl, the partition walls being thick 
and persistent.’ In Pinus Hofmeister (32) described a call-wall after 
the first heterotypic division but contrary to his observations Ferguson 
(24) found no celi-piata in connection with the first division. In regard 
to the celi-plata after the second homotypic division Ferguson does 
not say anything. The present writer has found evanescent cell-plates 
and cleavage furrows in connection with both these divisions, 
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Aftet these furrows have cleaved the cell into four parts, centripetal 
walls divide it into lour cliambars. In liaria? Devise. (17) reports that 
the celi-plate formed after the 'first division disappears and the division 
dI : the mothar-celi into tetrahedral spores is brought about by ceih 
plates formed after, the second mitosis-. Burlingame (4) on this point'. 
in • rega'rd to ^Armmatia states' * no walls ■ 'are formed, apparently,, 
iintii after "the spore nuclei'' have passed into the resting condi- 
tion, when a system of fibres is present between the nuclei, on 
which the plasmatic membranes separating the young spores arise.’ 

In Thnja Land’s figures imply an unpartitioned mother-cell, as is also 
claimed for by Norens (53j with whose results Nichols 

(52) is not in agreement. In Torreya (58) Eobertson’s figures imply an 
absence of chambering. In AcHnostrobus md Onpressus according to 
Saxton (61) the spores are formed free in the mother-ceil. In Teti'a-* 
clinis only (61) has cleaving been definitely described by Saxton.’ In 
Gnet-alos Eplieclra and WehoitscJiiU' (56) are not chambered, while 
Gmtim af ricannm and G, scandem (57) show thick partition walls. 

Barr (22),. and Grates and Bees (28) and some Swedish investi- 
gators have described a number of Angiosperms in which quadriparti- 
tion by furrows takes place in the pollen mother-cells. In a recent 
paper McPhee (45) describes the same thiiag for Cannabis. Farr (22) f 

makes a mention of some plants viz,^ Magnolia^ Nekmbo^ Carex and 
others in which transitory cell-plates are formed. The case of Fimis 
longifolia is very similar to Carex in which they are formed after both 
the divisions. 

Although according to Saxton (61), and truly enough, this 
character is one which cannot on any scheme of Gymnosperm 
classification be of any phylogenetic importance, it still serves to bridge 
that gulf which at one time stretched between cytokinesis in animals 
and plants. 

ChromosofnB Numbers, 

Ferguson (24) has reported 12 and 24 chromosomes for five 
species of Finns viz., Strohns, rigida\ ausMaca, resinosat Montana var 
nminaia, Ohamberlain (7) reports the same numbers for P. Lanoio, 

Blackman (3) and Dixon (18) for P. silvestris report the same numbers, 

Strasburger (68) has also reported 12 and 24, but his paper being not 
available to the writer, he cannot say on which species Strasburger 
'^^orkod. Thus the same haploid and diploid numbers of chromosomes 
have been reported for eight species of Finns, including the writer’s 
P. longifolia and excluding Strasburger^s species. 

Not only in Finns but in several other Coniferales the same 
numbers have been reported viz i-^Larix, Thija, Taxcdinm, Arau- 
Carm* Oallitris {li) m& !Fetfmlini$ ( 61 ). 
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In fcis connection the following extract from * Genera! Cytology ^ 
(16) woiikl be of interest: — ‘The most striking case, of this marked 
uniformity of the chromosome complex is shown in extensive studies 
'upon the short-horned grass- hoppers by McOiung and his students,' 
This family in North Amo'dca consists of about lOD genera, including 
800 species, and most of these have now b^en studied. It thus ap- 
pears that throughout the group the somatic cells of the male contain 
twenty-three chromosomes while those of the female have twenty- 
four. Correspondingly, in the germ-cells the diploid numbers are 
tw 0 nty''three and twenty-four and the haploid eleven or twelve in the 
male and always twelve in the female. The significance of these 
figures cannot be over-eadmatad, for nothing but the most extreme 
precision of organization could preserve this common series of chro- 
mosomes through the millions of years in which this group of animals 
has existed, and in the innumerable multitudes of cells composing 
them. There is absolutely nothing to suggest the intrusion of chance 
into this incomprehensible picture of organic constancy.* 

Sharp (63) discussing the bearing of the number of chromosomes 
on the origin of species and varieties states that ‘the number 
shown by the species of a given germs or even of an. entire family 
form a series of multiples,’ ‘hrom this it is to ba inferred as sug- 
guested by McOiung (44) th:it there is a relationship of some sort 
between the constitution of the chromosome complement and the 
externally visible taxonomic characters.* In support several cases are 
cited. Eor example, GhryBaniliemtim (species with 9, 18, 27, 36 an4 
45 pairs of chromosomes); Tritxctm midi. Avena (with 7, 14 and 28 
pairs of chromosomes). Eecently Eerguson (26) has reported seven 
and fourteen chromosomes for four genera of Aloinae, in each of which 
several species have been studied. 

Now, how to explain, according to the chromosome theory of 
heredity, the origin of species of Pinus in which 8 species have been 
recorded t‘o have the same chromosome numbers ? There are no 
triploid and tetraploid or any such species. There are two ways to 
explaia the problem. Firstly; by assuming that there is really only 
one species, but this would go against taxonomic conclusions which 
seam quite sound. The other alternative solution of the problem is 
that although the numbers are the same, the . chrofnosomes are, 
constitutionally different from one another, i,e,, they .differ in their 
factors or genes. These species might have arisen from the prepetua- 
tion of mutations which arose in the chromosomes, the number of the 
latter remaining constant. Change of type taking place through 
mutations of genes has already been emphasixed^ by , Sharp (64), 
Morgan (48) and others. 
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VL Notes on Abnorml Female Prothalli. 

' In -this iiofea the wrifiar proposos to give an aacoiiut of those 
abnormal female . prothailia ha came 'aci’css- during his work on 
PilongifoUci, 

ProtliaUii^j No:l. 

This prothallus was- found in- an ovule collected 'at Lahore from 
a tree in the Go! Bagh on the iOth May 1920. Its abnormal external 
characters struck the writer as the material was being passed through 
the grades of alcohol. It was forthwith singled oilt and a detailed 
study of the internal structure was carried out in serial transverse 
sections which revealed some more points’ of interest in addition to 
its external morphology. (See plate X fig*. 71). 

Eoiternal char aoUrs.— The prothallus was of the normal length 
i.c., about II mm. It was much more compressed than a normal 
prothailus from the abaxial and the adaxial sides, the shorter and the 
longer diameters being 1.2 and 2.6 mm. respectively. When these 
measurements are compared with those of a normal prothalius which 
are 2.3 and 2.6 mm. the contrast comas out clearly. This prothailus 
was further peculiar in having all the arehegonia aggregated towards 
one flat side (plate X fig. 71), the other fiat side being quite devoid of 
arehegonia. The arehegonia were not situated at the extreme tip of 
the prothalius but some distance below. In a normal prothalius the 
arehegonia are disposed radially around the micropylar end. The 
writer is not prepared to hazard a guess as to the position of the side 
bearing the arehegonia i.c., whothcr it was adaxial or abaxial because 
it was not noted at the time of the dissection of the prothalius 
preparatory to fixation. 

InUryml structure , — There were 11 arehegonia according to one 
interpr.etation, or 12 according to another, borne by the prothalius. 
The largest number in this species, in normal prothaliia, is 7. So 
far as the writer is aware the highest number of arehegonia, which 
has been recorded for any species of Pimis is 9 (Berguson 21, 
P. movtana var, uncincLta). In other species on which Ferguson 
worked she found that the highest number was 5 (24). In the 
writer’s specimen as many as 9 could be counted in a single section. 
Owing to the large number of arehegonia and the limited voliimo of 
the prothalius the arehegonia wei^ not oval as usual, but were com- 
pressed oat of their shape by mutual pressure. The necks of all the 
arehegonia opened on the side on which they were aggregated and not 
towards the apex as is generally the case. The longer axes of the 
arehegonia did not coincide with the longer axis of the protliallus but 
they were either at right -angles to or oblique to the longer axis of 
the prothalius. 
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Each aroliegomnm possesses a distincfc jacket all round. When 
the number of archegonia is small in a prothallus the space between 
dMerent arcliegonia is filled with parenchymatous cells of the pro- 
thallus, but when the number is large the jacket cells of adjacent 
archegonia come into contact with each other but yet the identity of 
the two jacket layers is maintained. In this prothallus it was noted 
that in many cases there was no parenchyma between the jackets of 
adjacent archegonia which thus came into contact. Two archegonia 
were exceptional in having only one layer of jacket cells between 
them (plate X fig. 69). 

In spite of such a large number of archegonia borne by the pro- 
thallus all of them were normal except one. Most of them showed 
different stages before, at and after fertilization. In fig. 69 the 
small male nucleus is seen in the egg cytoplasm in the left hand 
archegonium. 

One of these archegonia was peculiar in having a bulge on 
one side (plate X fig. 69). This bulge appears in sections as a small 
archegonium with a jacket of its own. This jacket is distinct all 
round the so-called archegonium except at the place where it comes 
into contact with its larger neighbour, where there is only a thin 
membrane separating the two (plate X fig. 70). In sections taken at 
a lower level this membrane begins to disappear. Finally the 
membrane disappears altogether and the cytoplasm of the so-called 
archegonia is seen fusing (plate X fig. 69). At still lower levels the 
smaller bulge like structure disappears but its larger neighbour 
continues. It Is at these lower levels that the persisting archegonium 
shows four nuclei of the pro-embryo. The bulge -like structure which 
does not extend throughout the whole length of the larger archego- 
nium shows no nucleus and the writer was not able to see a definite 
neck attached to it. 

Now there are only two ways in which this peculiar structure 
can be explained. Either it is in reality a bulge given off by the 
larger archegonium or it is itself an archegonium, which has got 
fused with its neighbour. The first alternative seems rather unlikely 
because there is such a large number of archegonia borne by the 
prothallus, that the possibility of a protrusion being given off by one 
•of them is excluded on physical grounds. The other alternative 
appears to be more sound; though there are the following two 
serious objections to it- — Firstly, the smaller archegonium possesses 
no neck and secondly it shows no nuclei at all. The large number 
of archegonia and the resulting mutual pressure go in favour of the 
second alternative (i.e., two adjacent archegonia have fused). It is 
also a fact, as noted above, that there are two archegonia, which have 
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gob a common layer of the jacket cells between them. In this case 
the mutai pressure and the limited space available have resulted in 
the elimination of both the jacket layers between the two archegonia 
tinder consideration and the consequent fusion of the two archegonia. 
As to how the neck and the nucleus of the smaller archegonium 
disappeared remains unexplained. No traces of a disorganizing nucleus 
could be made out. 

This prothallus agrees whh the one described by Saxton (60) in 
P. maritima. In that prothallus the longer axes of the archegonia 
were at right angles to the longer axis of the prothallus and they 
opened laterally. The prothallus No. 1 described by the present 
writer stands alone by itself in the two fusing archegonia or the one 
bulging archegonium. 

After the writer had found the female prothallus described above 
he kept a look-out for any other abnormalities. Both of the abnormal 
prothallia described below were collected on the 15th May, 1920. 

Prothallus No. 2. 

This prothallus bore only three archegonia which were laterally 
placed. Their longer axes were oblique to the longer axis of the 
prothallus. Their venters instead of their necks made acute angles 
with the longer axis of the prothallus. Their necks opened out to- 
wards the side and not towards the apex (plate X fig. 72). 

Prothallus No, 3. 

This prothallus was in reality a transitional stage between No. 2 
and a normal prothallus. In this there were three archegonia ; one vvas 
situated at the apex and opened apically. while the other two opened 
laterally. Plate X fig. 73 shows the prothallus as seen externally. 

Conchcsions* 

The lateral position of the archegonia resembles that met with in 
Araucaria and Agathis, but their aggregation towards one side only 

resembles tbs condition met with in Callitris. 

Seward and Ford (62) regard this feature in Araucaria and 
Agathis as a primitive feature, and Saxton (60) holds the same view 
in regard to Oallitris. If the view of these writers is correct the 
occurrence of lateral archegonia in Pinus would be a sort of reversion 
to a primitive character and the prothallia Nos. 2 and 3 would 
represent the intermediate stages towards the realisation of the apical 
position of the archegonia. The view advanced by Saxton (60) in his 
note on P. marihma, that the lateral position may be of the nature of 
a mutation cannot be held in view of the transitional stages described 
by the present writer. 
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The disappear^^^ of one layer of jacket; cells between two 
archegonia where they touch points towards the origin of the arche- 
gonial complex in the Guprcssineae* Coulter and Chamberlain (14) 
state that * all the evidence of morphology, vascular anatomy and 
history favours the belief that the Taxoclineae and the Ctipressineae 
have been derived from the much more primitive stock of the 
Abietineae,’’ This view coincides well with the explanation offered 
above for the disappearance of one jacket layer bet ween two archegonia, 
or the disappearance might have no phylogenetic significance, having 
resulted from purely mechanical causes. 

VII, Abnormalities in the male cone-beafing shoots. 

I, 

Occasionally in the cluster of male cones, the writer found a few 
of the cones replaced by dwarf-shoots. From their position on the 
long shoots, the dwarf-shoots and the male cones are held to be 
homologous organs. The evidence from abnormalities further supports 
this conclusion. 

II. 

In one case the writer found that a branch after producing a 
number of male cones had divided. A number of male cones were 
borne by each of the two branches. A little higher up the branches 
had again fused and a number of male cones were borne on a single 
axis. Higher up still there was a single apical bud of young dwarf- 
shoots. 

VIIL Summary. 

In P. longifolia most of. the lower branches bear clusters of male 
cones only. The female cones are found on branches high up in the 
tree. These branches bear only the female cones, and very rarely 
give rise to a branch which bears a cluster of male cones. 

The male cones are initiated in September in Lahore. They 
grow continuously till pollen is shed in February. The female cones 
are initiated in January. After pollination which takes place in 
February the female cones close up but continue to grow till about 
May when they become about an inch in length and growth is stop- 
ped. A deep-seated megaspore-mother-celi is formed about the 18th 
or 20th of February. This undergoes a reduction division. 

Only a few free nuclei are formed by the division of the function- 
al megaspore before the resting period ensues in May. Growth is 
resumed in February next. Till the last week of March only a 
peripheral layer of cytoplasm with free nuclei is seen. The compact 
tissue of the female prothallus arises in the same way as in other 
Coniferales. 
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The fully formed female profehallus is a cylmdrical body tapering 
towards the two ends (11-12 mmj. It is slightly compressed from 
the adaxial and the abaxial sides. Only the micropyiar end of the pro- 
thallus bears the archegonia. The number of these may be between 
2-7. The archegonium is about . 1 mm. in length. Its neck shows 
2 tiers of four ceils each. The archegonia never come into direct 
contact. 

The development of the archegonium agrees closely with those 
of the other Abietineae. The archegonial initials become visible in 
the first weak of April in Lahore. The ventral canal cell is cut off 
in the usual way in the last week of April. The ventral canal nucleus 
shows signs of disorganization very early. The egg nucleus travels 
down to the centre of the archegonium and grows very rapidly in 
size. When fully grown its longer diameter measures 202*5 microns. 
Ordinary vacuoles in the egg cytoplasm get filled up and form what 
are called proteid vacuoles. 

The fully formed archegonium before syngamy shows a receptive 

spot. 

The pollen-tube discharges all of its contents into the archegonium 
through a pit. A large quantity of cytoplasm and some starch grains 
are also passed in. 

On entering the archegonium the male nuclei slip out of the 
enveloping sheath of cytoplasm. The larger one moves towards the 
female nucleus and becomes lodged in the latter in a cavity towards 
its upper side. Syngamy in Lahore takes place about the 30th of 
April. In Ghamba it takes place about the 1st of July. The first 
segmentation spindle is intranuclear. The two segmentation nuclei 
divide simultaneously. The four * segmentatiGn nuclei travel to 
the base of the archegonium, and become arranged in a single 
piano. All of these divide simultaneously. Vertical and cross-walls 
in the pro-embryo are formed immediately after this mitosis. The 
next division takes place in all the nuclei of the upper tier simul- 
taneously. The last division takes place in all the cells of the 
lowermost tier simultaneously and the pro-embryo completes its 
development. The cells of the suspensor tier (second from below or 
third from above) begin to elongate and carry the embryo tier 
(lowermost) down into the female prothallus. 

Some abnormal female prothalli are described* 

Beduction divisions in the pollen mother cells have been followed 
by the smear method. The male cones are initialed in Lahore in 
September, By the middle of November the three or four wall-layers 
of the sporangium get defined. By the third week of January most of 
the cells of the sporopbyll and the cells of the wall except the two 



LIFE-HISTOBY OB PINUS LONGIPOLIA. 


143 


inaermosti layers gelJ a deposit of a resiaiferoas substance. Demarca- 
tion of detiscence in the sporangium occurs soon. The cells of a 
longitudinal plate of 3 or 4 ceils towards the under side do not get this 
resiniferous substance and in the middle line of this plate of cells 
dehiscence takes place when the sporangium becomes ripe. A tapetum 
as a distinct layer is marked off rather very early when compared 
with the other species of Pinus. 

Growth and division of the sporogenous cells are continuous and 
uninterrupted till the formation and the dispersal of the pollen grains. 
Pollen mother cells become recognizable in January, Reduction 
divisions take place during the last week of January and pollen grains 
are shed in the middle of February. There is no winter rest. 

The pollen mother-cells are polygonal and show very large 
nuclei. The cytoplasm contains at first mitochondria but starch later 
on. During the prophasa the nucleus undergoes the first contraction. 
Small starch grains make their appearance in the cytoplasm at this 
time and remain there throughout. Near the close of the first 
contraction a continuous thread can be made out in the synizetic knot. 
This thread uncoils itself and becomes peripherally distributed in the 
nucleus. The mother- cells become loose at this time. In the spireme 
a longitudinal split appears- The spireme shortens and thickens. 
The split becomes invisible. This is followed by the second contrac- 
tion. On recovery from the second contraction the spireme shows a 
number of loops. The spireme gets segmented. Bach segment 
corresponds to a pair of somatic chromosomes. It is believed that 
conjugation is telosynapfeic. At the diakinesis stage chromosome 
tetrads become visible. During metaphase the spindle fibres are not 
so well developed. The bivalents separate into constituent univalents 
which move towards the spindle poles. They become somewhat 
longer at this time, -They show longitudinal splits. In each of the 
two batches of chromosomes four very long chromoaomes can always 
be detected. During early telophase the spindle fibres become very 
prominent. The chromosomes of the two groups gradually organize 
themselves into the typical resting nuclei. They form a continuous 
beaded thread. Branching in the chromosomes is brought about by 
vacuolation. No nucleoli appear in the daughter nuclei and an 
evanescent ceil-plate is laid down between them. A constriction 
furrow appears between the two daughter cells during inter-kinesis 
but it does not separate the two daughter cells rapidly. 

The second bomotypic division is simultaneous in the two 
daughter cells. In the prophase a more or less continuous spireme 
is formed which segments into the reduced number of chromosomes. 
Thesechromosomes when they lie on the equator of the spindle are 
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prefifcy long atid tsherefore fehis metaphase presents a sharp contrast to 
the preceding metapbase of the heterotypic division. During the 
anaphase the chromosomes move to the poles of the spindle and 
become bant. The two batches of chromosomes form the two 
daughter nuclei. The chromosomes are thin and the teiophasic 
changes are brought about by branching- An ephemeral cell- plate is 
formed after teiophasic changes. The cleavage furrow laid down 
between the daughter nuclei of the previous heterotypic division 
develops still further, A second furrow appears between the grand- 
daughter nuclei and so the mother-cell cleaves into four parts. 
Opposite the furrows thickenings are laid down in the wall of the 
mother-cell. These grow centripetally in between the furrows and 
the mother-cell becomes quadripartitioned. 

Twelve bivalents have been counted at the diakinesis stage, so 
the haploid and the diploid numbers of chromosomes are 12 and 24 
respectively. 

The male gametophyte consists of two lenticular cells which 
disorganize very soon. They cannot be made out in pollen grains at 
the time of shedding. 

The male cones and the dwarf shoots in Pinas are believed 
to be homologous organs. This conclusion is supported by the 
evidence afforded by abnormalities met with in the clusters of 
male cones, where some of them may be replaced by dwarf shoots. 
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X. Explanation of Plates. 

, All the microscopic figures with the exception of photomicrographs 
have been drawn loith a camera lucida* 

Plate I. 

Pig. L Pliofiograph of a tree. ' 

Pig. 2. A branch showing female cones of 4 generations. 

Plate II. 

Pig. 3.- Pully formeePresting megaspore-mother' cell. X 3325. 

Pig, 4. Nucleus of the megaspore-mother- cell showing the spireme 
during the prophase of the first heterotypic division. X 400. 

Pig. 5. Nucleus of the megaspore-mother-cell during the synizesis 
stage. X 2355. 

Pigs, 6. 7. Pormation of the bivalent chromosomes in the nucleus of 
the megaspore-mother-cell (heterotypic divisionj. x 2355, 
3325. 

Pig. 8. Archegonial initial, x 800. 

Pig. 9. Archegonial initial. Older stage than Pig. 8. x 800. 

Pig. 10. The archegonial initial has divided into the primary neck 
cell and the central cell, x 800. 

Pig. 12. Central cell dividing to produce the ventral canal cell and 
the egg. x 640. 

Plate III. 

Pig. 13. Nucleus of the central cell before division lying just below 
the neck, x 800. 

Pig. 14, Later stage in the division than that shown in Pig, 12, 
X 800. 

Pig. 17. Proteid vacuoles being filled up. x 650. 

Pig. 18. Egg showing receptive spot, x 120. 

Pig. 20. Egg cytoplasm with a large quantity of cytoplasm/ passed 
from the pollen tube, x 220- 

Pig, 23. A reconstruction of Pig. 22 showing all the nuclei, X 12Q. 

Pig, 25. First segmentation spindle, x 800. ‘ 

Pig, 27. One of the two segmentation nuclei dividing, x 1690. 

Plate IV. 

Pig. 28. Pour segmentation nuclei. (Only three are visible). 

Pig, 29. Pour segmentation nuclei arranged at the base of the 
archegonium, X 650. 
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Big. 30. Eirsfc division in the nuclei of tihe pro-embryo (only one is 
seen), x 650. 

Fig. 31. Pro-embryo showing four upper nuclei and four lower cells. 
X 650. ■ ’ 

Fig. 32. Pro«embryo showing division in the nuclei of the upper tier. 
X 650. 

Fig. 33. Pro-embryo showing three tiers. X 650. 

Fig. 34, Pro-embryo showing early suspensor formation. X 650. 

Plate V. 

Archegonium before the cutting of the ventral canal cell. 
Egg nuclei are seen travelling down towards the centre of 
the archegonia. The ventral canal cells are also visible. 
A mature egg nucleus. 

The end of the pollen tube is seen between the female pi'o« 
thalius and the nucellus. The two male nuclei are em- 
bedded in a common sheath of protoplasm. 

Two male nuclei are seen in the egg. The female nucleus 
is below. 

The male nucleus is seen approaching the female and the 
latter has produced a projection towards the former. 

The male nucleus is Iddged in a concavity of the female 
nucleus. * 

Two segmentation nuclei. 

Pl ate VI. 

Fig. 35. Cross section of microsporangiiim. All the cells of the wall 
are filled with resin except those between which dehis- 
* - - cehce tabes place. 

Fig, 36, 37. Pollen mother-cells. X 2350, 3325. ’ 

Fig. 38. Early prophase. X 3325. 

Fig. 39, Later than Fig, 38, X 2350. 

Fig. 40. Synizesis. X 3325, 

Fig. 41. Close of synizesis. A continuous chromatic thread can be 
!. : seen within the synizesis knot, x 3325. 

Fig. 42. Chromatic thread uniformly distributed within the nucleus* 
X 3325. 

Plate VII. 

Fig, 43. Spireme split at certain places, x 1690* 

Fig. 44, Second contraction. X 1690. 

Fig. 45. Ditto. X 1690. 


Fig. 11, 
Pig, 15. 

Fig. 16. 
Fig, 19. 

Fig, 21. 
Fig. 22. 
Fig, 24. 
Fig. 26. 
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Fig. 46. Eecovery from secoud con fcractiioii, X 1690. 

Figs. 47 and 48. Oompieta recovery from second contraction. X 
2350. 9350. 

Fig, 49. Bivalent showing univalents (strepsinema). X 2050. 

Fig. 50. Diakinesis showing 12 bivalents. X 1690 (cf. photomi- 
crograph in plate X Fig. 51). 

Fig, 52, Diakinesis showing chromosome tetrads. X 1660 (cf. photo- 
micrograph in plate. X Fig, 53.) 

Platb VIIL 

Fig. 54, Metaphase just before anaphase, X 3325. 

Fig. 55, Anaphase, x 2350. 

Fig, 56. Late anaphase or early telophase. X 1693. 

Fig. 57. Late telophase. 2350. 

Fig. 58. Besting nuclei in the daughter cells at the end of the 
heterotypic division. X 1690. 

Fig. 60. Early prophase of the second homotypic division, X 1690, 

Fig, 61. Later prophase of the second homotypic division, x 2350. 

PLxiTB IX. 

Fig. 62, Prophase of the second division showing fully formed 
chromosomes, x 2350. 

Fig, 63. Metaphase of the second division showing fully formed 
chromosomes. X 1690. 

Fig, 64. Anaphase Ditto. X 1690, 

Fig, 65. Early telophase Ditto, x 2350. 

Fig, 66. Later telophase Ditto. X 1690. 

Fig, 68. A tetrad, x 2050. 

Plate X. . ' 

Fig. 51. Photomicro, of the cell shown in Fig. 50, 

Fig. 53. Photomicro, of the cell shown in Fig. 52, 

Fig. 69. Photomicro, showing daughter cells at the end of the 
heterotypic division. No cellplate can be seen. 

Fig, 67. Photomicro, showing mother-cells with furrows. 

Fig« 69, T, S. Abnormal prothalius No. I. One archegonium has a 
' bulge on one side. 

Fig. 70, T, S. Abnormal prothalius No. I showing two arehegonia 

Fig. 71. Abnormal female prothalius No. I. X6. 

Fig. 72. ,, „ „ No. IL X6, 



l52 


INJECTION-EXPERIMENTS ON PLANTS 

BY 

s. R. Bose, D. Sc., P.E.S.E., B.L.S. 

Prof, of Botany, Carmichael Medical College, Calcutta, 


It struck ma why injection-methods being more direct were not 
largely triad to combat physiological or fungus diseases of plants or 
to help their growth. In March 1922, I began injeotion-experi- 
ments on a number of chlorotic pot plants of Crimm asiaticum by 
injecting a 0-5% solution of ferrous sulphate into their bulbs with a 
hypodermic steel needle. The basal end of the needle was connected 
by means of a rubber tube with a graduated glass tube fixed on a 
stand at some height from the ground (see fig.), so that the level of 
the solution in the tube was kept higher than the point of insertion 
of the needle and thus the solution could enter by means of a 
continuous upward pressure for a number of days. The quantity 
absorbed daily was noted. The results were not quite conclusive and 
the work was interrupted for a time as I had to leave India for 
Europe. After my return,' I was repeating the experiment in 
December 1924, when my attention was directed to the work of Dr 
0. B. Lipman of the University of California, (Journal of General 
Physiology May 20, 1924, Yol. VII, No. 5, pp. 615-623), who cured 
a number of chlorotic and diseased Citrus trees by injecting a lar«e 
quantity of ferrous sulphate solution into their trunks' the method 
adopted was identical to that used by me ; it took about three 
months to restore the normal green appearance of the trees. 

In April 1925, I noticed some yellow Mimosa plants [Mimosa 
pudica) growing in the open among a large number of green healthy 
plants and apparently suffering from chlorosis, in the Bqse Research 
Institute at Calcutta. All leaves (with their leaflets) of affected plants 
looked yellow. Evidently, there was no deficiency of iron in the soil 
as the neighbouring Mimosa plants so close by were completely green 
Possibly, it was a case of injury to the roots and root-hairs of 
affected plants by coming in contact with hard bricks underground 
as has been found by Dr. R. Harlot h in the course of his investiga- 
tions into the causes of the chlorotic condition of fruit trees in the 
Wellington District (Univ. South Africa. Dept. Agrio. Sci. Bull. 29. 
21p. 6 pi. 1924). Marloth has recorded that about 5,000 trees in 


1 1 have seen this paper in abstract in 3ot. Abstracts, July- Nov. 1936. 
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the region were affected, the roots alone indicating a diseased 
condition, some of which might be due to mechanical injury in 
cultivation. 

Very dilute solution of ferrous sulphate (*25%) was injected into 
the stem of the plant in its own habitat by means of a bypodermic 
steel needle attached to a g^^iduated glass tube by means of rubber' 



tubing, following exactly the same method as I did in case of' the bulb 
of Grimm asiatictm. The glass tube was filled with a ‘25% solution of 
ferrous sulphate, a few drops of machine oil were poured . on the- 
surface of the solution to prevent evaporation, and the needle was kept 
on for a number of days, the solution getting in by means of a 
continuous upward pressure. The daily record of tke quantity 
absorbed was kept by noting the level of the liquid. In the course of 
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even three or four days I was surprised to find ttiat all the le.aflets of 
the plants _t,urned completely green; the treated plant could hardly 
be distinguished from the normal green plant. I repeated the 
experiment on more than a dozen such chlorotic plants, and in each 
case the result was the same. In some plants the response was 
quicker, in two days the whole plant turned green. Of course, the 
rate of absorption varied depending on various external factors and 
individual requirements of plants. The quantity absorbed in the first 
twenty-four hours varied from *3c.c. to 1*5c.g. in different plants. 
Two things had to be guarded against in such experiments, — the 
choking of the narrow bore of steel needles, and the leaking out of the 
solution from the joints. The needle had to be inserted right into the 
wood of the stem — into the circulating current of the growing plant, 
taking care to exclude entrance of air. The corresponding strengths of 
the solution (Ee SO 4 ) were poured on the soil round the yellow 
Mimom plants which were watched for a number of days; but the 
response was very feeble and almost negative. 

While renewing the experiment of injection of very dilute solution 
of Ee SO 4 into stems of Mimosa pudica in June 1925, my attention was 
directed to the fact that most of iron in the solution was precipi- 
tated on the sides of the graduated glass tubes in the form of brownish 
deposits, being oxidised, and that what actually passed into the plants 
was thin clear acidulated water (H^ SO^. solution) containing a very 
minute trace of iron (much lower than *25% solution). This led me to 
omit the iron solution altogether and to inject very faintly acidulated 
water (l mim. of sulphuric acid in 100 cc. of water) with steel needles 
into stems of a new set of chlorotic Mimosa plants. In the course of 
five to six days (comparatively little longer time than that in the first 
case), the whole plant turned beautifully green ; it was repeated on a 
number of yellow Mimosa plants ; in each case the result was the same. 
The details of the rate of absorption in each case from day to day were 
recorded, The treated and cured plants were watched for more than 
a year ; there was not a single case of reversion amongst them. It was 
found by the colorimetric method that the acidulated water in contact 
with the steel needle dissolved out a very minute trace of iron 
(0-00025% ionised iron), which was entering the plant along with 
the streaming solution. 

As a sort of control, glass needles (hard and narrow capillary glass- 
tube ground to a fine point in the form of a needle) were used instead 
of the steel ones, and the experiments repeated on a fresh set of 
chlorofcic Mimosa plants in the Bose Besearch institute in August and 
September 1926, with the same acid-water alone (l mim. Merck’s pure 
sulphuric acid in 100 cc, of water). It was found that the response 
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was very feeble and unsatisfactory, there was no perceptible change in 
the course of a fortnight though about 2 cc. of the acid-water were 
absorbed during the time. 

Next, I tried similarly injection of the same acid-water with a steel 
needle into the stem of some stout medium-sized Ixora coccivea with 
yellow leaves, growing from the ground. In the course of eleven days 
the whole stalk with sub-branches turned green; of course, the total 
quantity of water absorbed was greater than that in the case of 
Mimosa plants. 

A stray case of sudden conversion of a number of chlorotio 
Mimosa plants into normal green ones immediately after a heavy 
shower of rain was noticed in our college garden-fields (February 
1926) ; possibly, the circulating stream of the rain-water had the efifect 
of someway modifying the power of absorption of affected plants in 
this instance. 

By using the very delicate test of MacalJum for the detection of 
minute traces of iron, as described by Prof. Benjamin Moore in Proc. 
Eoyal Society, Vol. 87 (1914), pp. 556 — 571, it has been found that the 
amount of iron in a healthy leaf is much greater than that in a 
chlorotic leaf; and from the colorimetric method it appears that the 
quantity of iron in healthy plants (either in stems or roots) is almost 
double the quantity in chlorotic plants, and that the amount of iron 
is always greater in stems than that in roots. For this estimation I 
am indebted to my friend Dr. H. N. Mookherjee, B, Sc., M.B., DJ.O., 
of the Bio-Chemistry Department of our College. 

Apart from the general scientific interest attached to the restora- 
tion of the green colour of chlorotic plants, the injection-method might 
be used with advantage in the case of feeding starved fruit-trees, and 
this direct method of feeding might prove a great improvement on the 
natural method of providing the tree with its sustenance through fehe 
soil by means of fertilizers. 

Since writing most of this paper, my attention was directed to 
the work of Messrs. Hopkins and Wann (Bot. Gazette Vol LXXXIV. 
No. 4, December 1927, pp. 423— 426) where it is stated that “ it is 
not the total amount of iron in the culture medium, bat the amount in 
the ionised form which is effective physiologically. Therefore, while 
we may have a larger total amount of iron present, we may have little 
or no growth because of a low concentration of the ferric ion.’* This 
probably explains that the iron-ion-concentration necessary for the 
conversion of chlorotic’ Mimosa plants into normal green ones is 
infinitesimally small. 
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Introduction 


Perhaps the greatest gap which we find in the evolutionary study 
of the plant kingdom, is the one that exists between the Thallophytes 
and those groups of higher plants which are collectively called the 
Archegoniatae. ^ Not long ago a similar gap was supposed to exist 
between the Bryophytes and the Pteridophytes because of the 
difference in the relative degree of development of the X and the 2X 
generation and other reasons. This gap has now been greatly bridged 
by the discovery of the group Psilopbytales, ^ which in some respects 


^ Dissertation (prepared during the tenure of ray Research Studentship 
atthe Lucknow University) accepted for the Woodhouse Memorial Prize, 
1927 . 

^ The terra Archegoniatae has been employed- throughout this paper to 
include the Gymnosperms aWo. 

^ Kidaton, R. and Lang, W. H. (1917.21) : On Old Red Sandstone Plants, 
showing structure, from the Rhynie Chert-bed, Aberdeenshire. Parts I-V, 
Trans, Boy, Soe.^ Edinburgh^ Vols. 51, 52. 





fHB OElGIN^A^ ARCHBGONIUM. 157 

presents intermediate cbaracters. The problem in regard to the 
Tballopbytes and the Archegoniatae chiefly concerns the presence of 
a well defined sporopbytic generation in the Archegoniatae and the 
relation of the sexual organs in the two groups. The presence of a 
well defined sporopbytic generation gives less difficulty because in 
recent years, studies of the Tballopbytes have indicated the possibility 
of a very general tendency towards the development of a sporopliyte in 
this group. But the problem of the relation of the sexual organs in 
the two groups, or more precisely the origin of the archegonium and 
antheridium of the Bryophytes is still unsolved, because these organs 
have no clear parallel in the sexual organs of the Thallophytes. 
Views, however, have been expressed from time to time suggesting the 
possible derivation of these organs from the sexual or asexual repro- 
ductive organs of different members of the Thallophytes, but so far no 
conclusive statement seems to have been made on the subject. In the 
following pages the writer has attempted to review in brief the most 
important views expressed by different authors on the origin of the 
archegonium, and a suggestion has been made to derive this organ 
from the oogonium of Goleochaete, A further attempt has been made 
to discuss the evolutionary changes that are observed to have taken 
place in this organ in different groups of the Archegoniatae, of which 
it is so characteristic a feature. The evolution of the archegonium, as 
will presently be shown, probably means largely a process of retrogres- 
sion directly dependent upon the land habit. 

The Origin of the Archegonium : Previous Views 

Before attempting to elaborate any original idea on the subject, 
it seems advisable to summarise critically the two most important 
views, expressed respectively by Gotz and Davis. 

. Gotz's Viexu. 

• In Ohara there are certain small cells called by Gotz Wendungs- 
zellen which are cut off from the egg before maturity. The signifi- 
cance of these cells, was not fully known before^ Gotz ^ put forth his 
view that “ they stand for the walls of a reduced archegonium/’ thus 
“regarding” the female sex organ “ as a degenerate archegonium 
plus the enveloping whorl of filaments that surround the egg and 
forms the crown.’' Davis, however, differs from him and has 
expressed his opinion, with which I agree that, “ This is' a very 
interesting suggestion, although objections present themselves in the 
complexity of the process required to bring about the degeneration of 

^ Gotz, (1899): Geber die Sntwiok ©lung der JEiknospe bei d©B Cjba- 
raceen. Bot, Zeit. Ivii. 1. 
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such a well-estiablishecl organ as the archegonium and ifes displacemeat 
by an equally elaborate envelope of filaments. '^ '*. About the 
accessory cells (Wendungszellenb he says that, “ they may be nothing 
more than the final and somewhat irregular expression of the 
vegetative activities of a growing point that is about to become 
transformed into a sexual organ. ” 

Daois Viciu, 

Davis, however, derives the archegonium from the multioellular 
gametangia found in a number of the lower members of the 
Pbaeopbyceae, e.g. Ectoearpiis. He thinks that two sets of factors, one 
infioencing the structure, the other influencing the sexual character of 
the cells, must have acted to bring about the required change. 

Regarding the structural modifications of the gametangium, 
according to Davis, the most important one which would be effected 
concomitant with the adop)fcioa of the terrestrial habit would be the 
sterilization of the outer layer of gamete-mofcher-cells, forming an 
enclosing capsule. While, on the other band, as regards the character 
of the sexual cells he considers that the first step would be the 
establishment of heterogamy and then the development of the differen- 
tiation of activity, and finally the retention of the egg within the 

gametangium'^, 

Dr. Church, however, differs from Mr. Davis and has remarked in 
his book “ Thalassiophyta,*’ “ The analogy of an archegonium with a 
plurilocular sporangium was considered by Davis (1903) with very 
imperfect data, and little progress seems possible along these lines,” ^ 
He is of opinion that the origin of the archegonium must be sought 
for in the transmigrant phyla, as the result of the transition to the 
new environment. The following few lines quoted from his book give 
a summary of his view about the origin of the archegonium. ” It may 
be granted that the archegonium, so long regarded as the distinctive 
■ attribute of the “ Archegoniatae ” is clearly an end product of oogamic 
evolution, the limiting term of something quite unknown, probably 
originating in something quite different from any recent archegonium, 
and if we saw it, scarcely recognizable as such. Very probably again of 
polyphyletic origin, arising in phyla of marine algae of quite diverse 
descent, and convergent in general factors, as the limiting term of a 


i Bavis B.M., (1903): Origin of Archegonium, Ann. of BoL VoL 17 
p. 477. 

^ For a series of diagrams illustrating the possible evolution of the 
archegonium and antheridium from the plurilocular sporangia, see Davis, 
B.M. (1903). 

^ Church, A. H.. (1919): Thalassiophyta and the ‘^ubaerial Transmigra- 
tion, pp. 12-14. Oxfords 
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special m at bottom no necessary guide to affinity, bnt 

merely indicating that the “ Archegoniatae ’* may be the expression or 
a number of phyla at the same physiological horizon in this particulaf 
respect.’'* , 

Apart from Dr. Church’s criticism, it may be remarked that there 
has been a general tendency among botanists to regard the Chlorophy- 
ceae rather than the Phaeophyceae or the Bhodophyceae, as helpful in 
tracing the evolution of the higher plants. Among the green algae, 
the greatest plasticity of form and structure is found in the Isokontae 
which according to "West and others includes the progenitors of the 
higher plants. ^ Even Davis seems a little sceptic about bis view 
when he says that, “ The lower Phaeophyceae *’ with plurilocular 
sporangia “ can hardly be supposed to have given direct origin to the 
Bryophytes although this is conceivable.” ^ In fact he derives the 
Bryonhytes from a hypothetical extinct group of Chloropbyceae with 
plurilocular sporangia. Therefore while searching for a type which 
would possess a female sexual organ nearly resembling an archegonium, 
it is natural to look for it among the green algae with special reference 
to Isokontae. 

A Suggest ion to Derive the Archegonium from the 
Oogonium of Coleocliaete. 

A searching study of the Chlorophyceae seems to show that the 
female sex organ of Goleochaete is more suggestive of an archegonium 
than any which we have studied so far. Although it is true that the 
procarpium oi Call ithamnion has some resemblance to the archev 
gonium, but we will not hold discussion on that organ any further 
and would reject it on the same ground as the plurilocular gametan- 
gium of the Pheophyceae. The female sex organ oi Goleochaete is 
known as the oogonium. In is a unicellular flask-shaped body with a 
long neck which opens at the tip when maturei to allow the entrance 
of spermatozoids. The egg is situated in the lower swollen part of 
the oogonium. In general appearance the oogonium looks very much 
like an archegonium and if we compare it with a mature archegonium 
of the Liverworts the lowest evolved group among the Bryophytes — 
the most striking difference is seen in the absence of a multicellular wall. 

The development of the multicellular wall can very well be 
attributed to an adaptation to the terrestrial habitat, that is to meet a 
demand for protection against desiccation, Besides the multicellular 
wall we have a varying number of neck-canal cells and a ventral- 
canal cell, in the archegonium of a Liverwort, while the oogonium 

i West, G. S., (1915) : Algae (Cambridge University Press), p. 158. 

^ Davis, B. M, (1903) ; Origin of the Arcbegomura, Ann. of Bot. VoL 17, 
p.492. 
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of Goleochaete is a nnicellular structure. We know that when the 
archegonium becomes mature its neck-canal and ventral-canal ceils 
degenerate and their contents becoming mucilaginous exude out of the 
neck and diffusing in the water present outside, exert an attractive 
stimulus on the spermatozoids. Not only in the Liverworts but even 
in the Bryophytes as a whole and also the Pteridophytes, the ventral- 
canal and the neck-canal cells have the same function. Thus it seems 
quite clear that the ventral-canal and the neck-canal cells have no 
other function to perform in the process of fertilization except 
ultimately of serving to attract the spermatozoids after being converted 
into some sort of chemotactic mucilaginous substance. It will be^ 
shown in the following paragraphs that the development of these extra 
cells besides the oosphere (egg) in an archegonium, has been a direct 
result of an adaptation to the terrestrial habitat. 

When the migration from water to land took place the chances 
for the act of fertilization naturally became less, as for example in the 
case of amphibious plants (yisf. the Bryophytes, etc.) the fertilization 
had to be carried out in the presence of only a little amount of 
water and that also was not always available, so there was less chance 
of the spermatozoids reaching the egg. In order to meet this 
deficiency in the chance of fertilization, some means had to be evolved 
by the migrating plants. This deficiency might be said to have been 
mat by the production of some chemotactic substance through the 
disintegration of the neck-canal and ventral-canal cells of the mature 
archegonium. 

We also know cases where the egg and the ventral canal 
cell oannot be distinguished one from the other in a mature 
archegonium, at least so far as size is concerned, for example in 
Fossombmila longisGta, ^ Porella Bolanderi ^ Anthoceros, ^ Notothy- 
lassp^,^ Notothylm orhiGidaris, Ophioglossum pedimctilostimt^- 
MaraUia Donglati, ^ Finns Laricio, ^ etc. And in Finns Larioio, 
it is interesting to note that they are not distinguishable until 
after fertilization. In abnormal cases the ventral-canal cell in an 
archegonium may even behave as an egg in addition to the normal 
one already present. Then there are also cases known in which the 
egg, ventral-canal and neck-canal cells may all be alike in size e,g. in 
Forella B olande ri \ Besides all these evidences from the mature 

^ Campbell, D.H., {191S): Mosses and Ferns, p. 93. fig. 44 ; p. 108, fiff. 54 F * 
p. 1^7, fig. 66 A & p. 134; p. 15), fig, 81 A. & p. 151, fig. 82 D. ; p. 233. fig 
125 F.; p, 280. fig. 153 0. f , b . , P ..o., ng. 

^ Mottier, B.M., (1894): Contribution to the Life-hismry of Notothylas. 
Ann. of Bot. VoL 8, p. 399. ^ 

^ Coulter, J. M. and Chamberlain, O.J,, (1925) ; Morphology of Gynino- 
perms, p. 267. 
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arcliegonia represenfied from different circles of affinity, we have the 
developmental study of the archegonium in which it is clearly seen 
that in every case all the cells whether ventral-canal or neck-canal are 
cutoff from a single one. With these data before us, it will not he* 
unnatural to regard the neck-canal and ventral- canal cells to have 
probably been formed in phylogeny by being cut off from an 
ancestral egg when the migration to land was taking place. If we 
agree to what has been said above we can derive the archego- 
nium from the oogonium of Goleochaete by encapsulation in order 
to .meet th protection against desiccation, and by 

the cutting off of neck-canal and ventral-canal cells from the egg, these 
cells on ' disorganisation forming some mucilaginous substance which 
exerted an attractive force on the spermatozoids, to meet the defici- 
ency of water for the act of fertilization. 

In support of the view put forth the writer has to offer the 
following arguments 

(1) “ The Confervoide^B among the Green Algae are for good 
reasons considered to be among living forms, the- nearest to the pro- 
genitors of the Archegoniatae. Among the Confervoideae, CoJeochacte 
most nearly approximates to the condition found in the lower 
Bryophytes.’’ ^ If the Ooleochaetes are nearest to the progenitors 
of the Archegoniatae as stated abo^^e by Campbell then the writer’s 
view as to the derivation of the archegonium from the oogonium of 
Goleochaete will probably not appear unwarranted. 

"' '{2) As we approach nearer and nearer to the siphonogamic mode 
of fertilization, we find that the motility of the sperms is gradually 
lost and that they are bodily carried to their destination (the egg) by 
the pollen-tube. Concomitant with this feature the neck-canal and 
the ventral-canal cells being no longer needed (after disintegration) 
to attract the spermatozoids, decrease in number till all of them are 
eliminated as we see in some Gymnosperms e.p. Podcarpm, Thus 
It is quite clear that the ventral-canal and the neck-canal cells are 
chiefly concerned with the atferactive movements of the spermatozoids. 

(3) That the development of the multicellular wall of the 
archegonium is chiefly to meet the demand for protection against 
desiccation, is shown by the fact that in those plants in which the 
archegonium lies embedded in the prothalles and consequently has a 
secure position it loses the identity of its walls and may be said to 
have no wall at all as there is no difference between the cells 
surrounding the egg cell and the cells of the prothallus. 


Campbell, D.H.^ (1918) : Mosses and Ferns, p. 563. 
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The Evolution of the Archegonmoi 
Comparative Skidy of the Archcgonizm 
We shall now attempt to trace the general tendency in the evolu* 
tion of the archegoniiim. The most important characters in this 
connection are, the variation in the number of the neck- canal cells, 
the ultimate elimination of the ventral-canal cell and lastly the posi- 
tion of the archegonium on the female gametophyte. We shall there- 
fore take up the consideration of these three characters group by 
group. The chart given below contains a summary of the more 
Important characters of the archegonia in nine genera selected from 
the Bryophytes. 

A. BryopJiyia, 


Genera 

1 

Ven feral 
0. Cell 

Neck 
G. Cells 

Neck 

Cell 

Position on the prothallus 

Targionia ... 

1 

8 

60-80 

Projecting on the prothallus 

-Fossomhroni i,. 

1 

4-6 

many 

do. 

Porella 

1 

5 

do. 

do. 

Aneura 

1 

4-6 1 

do. 

Partly embedded. 

Diccia 

1 

4 

do. 

Situated in a cup-shaped 

[cavity. 

Sphaerocarpus 

1 

2-4 

do. 

do. 

Anthooeros ... 

1 

4 

do. 

Embedded, 

Fun aria 

1 

5 

do. 

Projecting. 

Sphagnum ... 

I 

many 

do. 

do. 


Discussion: A general survey of the archegonium in the Bry- 
.ophytes shows that most members of this group h ave superficial 
archegonia. This character is naturally regarded as a primitive one. 
In Anenra the base of the archegonium is confluent with the thallus 
and in this respect it offers an easy approach to the condition found 
in Anthocerus , where the sterile cells of the archegonia being embedded 
lose their identity in the tissue of the gametophyte. Besides these 
few variations, the general structure of the archegonium is quite con- 
stant throughout the phylum. The number of the neck-cells is very 
variable and is more numerous in the Mosses than in the Liverworts. 
It will bo seen later that no phylogenetic stress can be laid op this 
character. 
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The two most important points, which deserve mention in this 
connection are, firsti§^, the variation in the number of the neck- canal 
cells, and secondly, the position of the arehegonium in relation to the 
female gametophyte. It will be shown in the succeeding pages that 
the reduction in the number of the neck-canal cells and the embed- 
ded condition of the archegonia in the gametophyte, are criteria of 
higher evolution. If these be granted for the time being we would 
see that ^ if Aocer os— with 4 neck-canal ceils (with the exception of 
the Sphaerocarpus) and the embedded condition of its archegonia— 
among the Bryophytes would be the most nearly related to the 
Pteridophytes. In fact its partially independent sporophyte is select- 
ed as illustrating a possible ancestral condition of the vascular plants 
at the level of the Bryophytes. 

Eurther Dr. Campbell, in a recent paper on the sporophyte of 
Anthoceros f usiformis, Aust/ ^ has brought out certain very interest- 
ing points which in addition to other facts show similarity of certain 
recondite characters in common with the Devonian Rhyniaceae, thus 
binding the Bryophytes and the Pteridophytes in a closer bond of 
relationship. Eor the sake of clearness a summary from Dr. Camp- 
bell’s papers is reproduced below : — 

“ The discovery that the sporophyte of Anthoceros fimformis 
under certain conditions, may become practically independent and 
the ability of these plants to develop photosynthetic and conducting 
tissues commensurate with their needs, is a very strong argument in 
favour of the antithetic theory of alternation of generations in the 
Pteridophytes”. \ ^ 

The very close resemblance between the large sijorophytes of 
Anthoceros fusiformis md the Devonian Rhyniaceae warrants the 
assumption of a real relationship between the latter and the Antho- 
cerotales.”^ 

“ The existing Pteridophytes are almost certainly of polyphyletic 
origin, but all might be traced back to similar, but not neGessarily 
closely related ancestors. The ancestral forms had sporophytes 
similar in structure to that of AnthocerosJ'^ 


^ Campbell; D.H, (1924); A Remarkable • Development of the Sporo- 
phyte in Anthoceros fusiformis, Aust, Ann. of BoU Vol. 38, pp. 472-483. 

^ Campbell, D.H., (1925) : The Relationship of the Authocerotaceae. 
Flora order Allgemeine Botanische ZeitungX Neue Folge^ 18 and 19 Band ; (der 
ganzen Reihe 118 und 119 Band) S. 62-74. 

^ Campbell, D.H., (1925) : The Relationship of the Anthocerotaceae, 
Flora order Allgemeine Botanische Zmtimg: "N me Folge^ IB and 10. Band; 
(der ganzen Reihe 118 nnd 119 Band). S. 62-74. 
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5. Fteridophyta, 


^ Thirteen types haye been examined, the result of which is 
summarised in the chart given below : 


Genera 

Ventral 

Neck- Canal 

Neck 

Position on the pro- 

0. Cell 

Cells 

Cells 

th alius. 


r 

E. debile 1 

4 

1 

Eqitmkm ... 

n 

other spp. 2 

4 

V Projecting. 

Psilohim ... 

1 

■ 

24 

do. 

Lycopodium. 

1 

many 

10-16 

do. 

Selaginella ... 

1 

one 

2 

Embedded. 


( 

one with 2 



I socles 

'{ 

nuclei 

} ‘ 

Partly embedded. 

Opkioglosszm. 

1 

do. 

4 

Embedded. 

BctrycMum ... 

1 

do. 

4 

Projecting. 

Maratiia ... i 

1 

do. 

3-4 

Embedded, 

, i 

Onoclea 

1 

do. 

5-7 

Projecting. 

Osmunda 

1 

one or two 

6 

do. 

Gleichenia ... 

1 

... 

1 ... 

do. 


r 

one very 



Marsilia 

n 

small 

:} ^ 

Embedded. 

Pihdaria 

1 

do. 

2 

v do, ■ 


Discussion : The number of ventral-canal cells is always one and 
that of the neck-canal cells never goes higher than four except in the 
case of Lycopods in which there are many neck-canal cells and in this 
respect they resemble the Bryophytes. In the Fiiicales the number 
of the neck-canal cells is reduced to one, the nucleus of which some- 
times divides into two but no wall is formed between them. Thus we 
see that the general tendency among this group has been to reduce 
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ijhe number of the neck-canal cells and among fce Filicales fcbe reduc- 
tion has reached the stage of a single uninucleate cell. (In the 
Gymnosperms even this has disappeared). The number of neck cells 
varies from about two to sixteen. The heterosporous members of the 
group have reached the two-celled-neck stage which is generally 
seen among the Gymnosperms. In most of the cases considered, the 
archegonia are embedded in the tissue of the gametophyte as we saw 
in Anthoceros. It is remarkable that the heterosporous members of 
Pteridophytes have the archegonia on the climax of reduction. Among 
the species of Equisetum, E, debile ^ seems in this respect, to be the 
most advanced one, there being only one neck-canal cell as against two 
in the other species. Among the species of Lycopodium, L, cernmm 
occupies a similar position, with only one neck-canal cell. 


C. Gymnosperms, 


Genera or 
Eamilies 

Ventral Canal Cell 

Neck 

Canal 

Cells 

Neck 

Cells 

Position 
on the 
prothalius. 

Gyeas 

Only nucleus 

nil 

2 

Embedded. 

Giiikgo 

one small cell 

do. 

2 

do. 

Ahietineae ... 

one cell or only a 
nucleus 

do. 

2-8 

do. 

Taxodineae 

Only ephemeral 
nucleus 

do. 

2-8 

do. 

Oupressineae 

do. 

do. 

2-8 

do. 

Taxineae 

Even nucleus may 
not be cut off 

do. 

2-25 

do. 

Podocarpineae ... 

do. 

do. 

2-6 

do. 

Ephedra 

Only nucleus 

do. 

32^ 

do. 


Discussion : The above chart dealing with the more important 
characters of the archegonia amongst the Gymnosperms, brings forth 
the conclusion that the general tendency among the Gymnosperms 


^ Kashyap. S. R., (1914) : Prothalius of Equisetum debile. Ann. of Bot. 
Vol. 28, pp. 163-181, Posiscr?pi.— Since the above was written Sethi (Ann . of 
Bot. Vol. 42 p. 732 figs. 7-8) has shown that the number of neck-canal cells 
in this species is two, and not one as reported by ICaab yap. 
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seems fco be to eliminate the ventral-canal cell. Among the living 
forms so far known, a walled ventral-canal cell is retained only in the 
Abietineae md Ginhgo, In the other living groups the wall has dis- 
appeared altogether and the ventral-canal cell is represented only by a 
free nucleus. In certain forms even this nucleus has disappeared c.g., 
in some members of the Taxaceae. The neck-canal cell has been 
completely eliminated from the Gymnosperms* The number of neck- 
cells shows a good deal of variation. In Ephedra, the neck is the 
longest known among the Qymnosperms, the minimum number of 
neck-cells being 32. Next lower in the scale come some member of the 
Taxineae which may have as many as 25 neck-cells and the two-celled 
neck is an established feature of the Cycadales, the Ginkgoales and 
some of the Pinaceae. The latter condition at first sight may be 
regarded as advanced, so far as that character is concerned, but there 
is so much variation in the number of the neck-cells even within a 
genus (fi.g., in Torreya taxifolia there are 2-3 neck-cells but in 
T. californica the number varies from 4 to 6) that no definite phy- 
logenetic importance can be attached to that feature. 

We do not find any archegonium in the embryo- sac 
has two to five-nucleated cells in its micropylar region and all the 
nuclei in a cell are potential egg nuclei. In Gnetum the embryo sac 
at the time of fertilization contains Only free nuclei and each one of 
them is potentially an egg nucleus. Thus we see that in these two 
members of Gymnosperms the last traces of the archegonium are 
being lost and Gmtim approximates to the condition found among the 
Angiosperms. 

Summary, 

(1) The views put forth by Davis and Gotz, on the origin of the 
archegonium have been briefly dealt with and criticised. 

(2) A suggestion to derive the archegonium from the oogonium 
of GoleocJiaefe (by a process of encapsulation) has been put forth and 
discussed. As far as known to the author, this view is being advan- 
ced for the first time. 

(3) It is suggested that the multicellular wall and the neck and 
ventral canal cells wore produced in response to the terrestrial con- 
ditions, the first as a safeguard against desiccation and the second to 
meet the deficiency of water for the act of fertilization. 

(4) The further evolution of the archegonium has been chiefly a 
process of reduction and of retrogression of the essential organ, the 
egg-cell, into the tissues of the gametophyte. 
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PAET YL 

{Continued jrom p. 96, YoL VII, No, 2). 

C. SOME EaOLOGlOAL NOTES 

As we Bad nofj sufficient time at our disposal for prolonged 
investigations into the plant-ecological conditions of the Delta, we can 
only offer a few notes which may be of use to future visitors to that 
country. We are not going to describe the aspect and adaptations of 
the various formations or their members, as we already possess a rich 
botanical literature on the subject. 

1. Gharo is a small village situated on the Gharo Creek between 
Dabheji railway station and Mirpur Sakro : 

(a) On sand and sand-dunes to the north of the village : 
Farsetia Jacquemontii, Gleojne hrachycarpa var. glauca, C, viscosa, 
Gadaba indica, 0 a ppar IS deeidita, Tamar ix dioica, Latmaea 
chondrilloides, L, nudiGaitlis, • Leptadenia spartium, Convolvulus 
smidieus, Ipomma hiloba, Gistanche tuhulosai Aerua tomentosa, 
A, pssudo-tomentosa, Aristolochia bracteata, Ephedra fcliata, 
Asparagus gharoensis, Gyperus arenarius. (111. Nos. 1, 28.) 

{h) On gravelly soil: B oly gala irregularis, Bortulaca oleracea 
P. quadrijida, Sida grezoioides, Corchorus antichorzis, Gossypkm 
Baheri, Trihulus terrestris, T. alatus, Fagonia cretica, Eizyphus 
rotundifolia, Grotalaria Burhia, Indigofera paucifoUa, 1. viscosa, 
Gueumis prophetariim, Citrullus Golocynthis, Nerium bdorum, 
Heliotropiim zmdulatimi, H. paniculakm, Convolvulus Boitlerianus 
var. tenella, 0. microphyllus, Solanum alhicaule, Withania somnifera, 
Lycitm harharum. Euphorbia pilulifera, E. jodhpurensis, Cenchrus 
ealharticus, Sporobohis arahicus, Aristida fzmiculata, Dcsmostachya 
cynosuroides, Ghloris villosa, Eleusine flagcllifera, B, aristata, 

{g) In silt or on silt-banks along the creek: Tamarix Troupii, 
Acacia arahica, A. Senegal, Salvadora oleoides, Cressa cretica, Biiaeda 
fruticom, Haloxyhn recurvum, Aelur opus villosus. (Hi. Nos. 3 and 4-) 



No. 42. Limestone hills near Gholam*, Gymnosporia montana, Grewia 
villosa, Prosopis spicigera, Mimosa hamatat Acacia Senegal^ Feriplocasp, 
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[£) In the neighbourhood of wells : Bergia odorata, Phyllafi- 
thtcs Nirurit Coix Lachrymal Jobi^ Gymbopogon JivarajiGum^ Panicum 
antidotale. 

{e) In crevices of lime-stone rock or on rocks : Greiuia popidi- 
folia, (j. villosa, Melhania Denhaviii, Commiphora Mukiil, Tephrosia 
temiiSj T, petrosa y Orygia decumhens, Inula granUoides, Pulicaria 
StQchsii, Statice Stocksii, Pentatropis cynanchoides, Blepharis sindica, 
Buellia patula, Barleria Prionitis, B- acanthoides, Salvia aegyptiaca, 
1/) Euderata : Ahutilon muticum, Zygophyllum simplex, Cocci- 
nia indica, Trianthema monogyna, Solamim xanthocarpum, Linaria 
ramosissima, Lindenhergia tci'ticaefolia, Amarantus polygamus, 
Aohyranthes aspera, Polygonum plebejim, Euphorbia pilulifera. 

(g) Cultivated near villd^gQi Thespesia populnea, Azadirachta 
indica, Zizyphus fiijuba, Parkinsonia aculcata, Prosopis spicigera, 
Acacia arabica, Terminalia Oatappa, Etiphorbia TiriicalU, Phoenix 
dactylifera. 

2. Mirpur Sakro : 

At the time of our visit a great part of the country was still 
under water. The country is level, rising in a few places to a height 
of 20 — 30 ft. Grassland (Savannahs) and fields cover the greater 
part of the area. Some patches of scrub, chiefly on gravelly soil, 
make up the rest. 

(a) Gravelly soil; Salvadora oleoides, (III Nos. 2 and 7) 
Tamarix Troupii, Gappar is decidua, Zizyphus mmimularia, Portulaca 
oleracea, Corchorus antichorus, C. iridens, G, acutangulus, Trihuhis 
terrestris, Tephrosia temds, Trianthema monogyna, T, pentandra, 
Boerhaavia diffusa, B. verticillata, Celosia argentea, Euphorbia 
hypericifolia, Eragrostis amabilis, Chloris harbata, Eleusine aristata* 

[b) Sandy soil: Gadaba indica, Alhagi camelorum, Momordica 
Gharantia, Ooccinia indica, Laimaea nudicaulis, Vernonia cinerascens, 
Calotropis procera, Oxystebna esculentzcm, Pentatropis cynanchoides, 
Leptadenia Spar tium, Cordia Myxa, G* Bothii, H eliotr opium pani- 
culatum, Ipomma hiloha, Aerna tomentosa. A, pseudo-tomeniosa, 
CencJmis hiflorus, Sporobolus arahicus, Desmostachya cyziostiroides. 

of tank and canals : Tamarix Troupii, Bergia 
ammannioides, Sesbania actdeata, Prosopis spicigera, Ammannia 
haccifera, Eclipia erecta>, Nerium odonm, Gressa creiica, Ipomma 
aquatica, Lippia nodiUora, Glerodendron Phlomidis, Alternazithera 
triandra, Saccharum spontayieum, S,. Bavennae. 

(d) In ditches and tanks : Aponogeton 

monostachyon, Coix lachryma-Jobi, Nymphaea rubra, Id , stellata, 
Ohara spA 
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( 0 ) Euderata : Sida spinosa, Abidilon vinticumj TriantUemd 
monogy^ia, T. pentandra, Solanum xardhocarpum^ AmaranUd viridis, 
A. polyganviiSt Ghmopodmm murale, Eiipjiorhia jodhpurensis, 

it) In soli impregnated with salt: Sicaeda fnitiGosa, S. nudjf- 
lorat 8, monoicat Ael'aroptis villosiis- 

Cultivated fields: Digera arvensis, Gy per us Easpan, 
C. TotmiduSy Fimhristylis dichotoma^ 

(h) Cultivated: Bruca sativw, Mangifera indica, Moringa 
pterygosperma, Fhaseohis aconitifolkis, P, radiatus^ P. Mungo var. 
Eoxhurghii.-DMergia Sissoo^ Pongamia glabra, Tamarindus indica, 
Alhizzia Lebbeh, TermmalicL Gatappa, Quisqiialh indica, Psidium 
Guyava, Lawsonia alba, Punica granatum, Jasmimm, samhac, Lyco^ 
persicAm escuUntum, Sesamum indictim, Thimbergia fragraiis, Eicmiis 
commimis, Monis indica, Musa sapientim, Phoenix dactylifera, 
Saccharim offioinariim, Peiinisetum typhoidMim, Oryza sativa, Hot-- 
deum vulgare. (111. Nos. 5 and 6.) 

3. Banks of Bughar Canal : A few miles East of Mirpur Sakro 
the Bughar Canal flows in a more or less southern direction. The 
slopes of its bed are built of cut stone and the banks are raised con- 
siderably by artihcially accumulated sand. Beyond the banks the 
ground slopes down rapidly to the ordinary level where there are 
pools of stagnant water, partly the remnants of inundation but at 
the same time of infiltration from the canal. In this area the follow- 
ing species have been noted: Tamarix Troiipii, T, dioica, Bergia 
arnmannioides, Gorchorus tridens, Alkagi camelonm, Acacia arabioa, 
Ammannia haccifera, Grangea maderaspatana, Gnaphalium pulm- 
natum, Launaea nudicaulis, Oxystelma escuUntimi^ Leptadenia 
Spartium, Mcrremia chryseides, Solamm xanthocarpum, Amara^itus 
viridis, A, polygamtisG AUernanihera triandra, Chenopodium murale 
Euphorhia hypericifolia, Phyllanthus reticulatus, EcMnochloa colona, 
Gynodon dactylon, Smcharum spontaneum, S. Eavenme, Eqtmetum 
dehile (not found anywhere else). (111. Nos. 8, 9, 39.) 

4. Bohara. — This village is reached from Mirpur Sakro by a bad 
road about 6 miles long going in a S.S.E, direction through marshy 
country. Along the road* the following plants are most’ prominent, 
forming sometimes almost pure formations, at other times combining 
into mixed jungle : Tawmrifl? Troupii, Acacia arabica, Cordia Eothii, 
Phyllanthiis reticulatus, P, Niruri, Bphara is situated at almost the 
southernmost point of the Bughar Canal and only a mile or two East 
of the Seesa ^Oreek, which the canal joins after several windings. 
The neighbourhood of the creek must be responsible for the rich 
growth in this place of Suaeda nudiiiora and S. monoica. Otherwise 





No. 44. A oortiet in ths Tatta To;n'j 3 .area : aa almost pure formation 
oi Zizyphus rotundi folia. 
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the flora is poor and consists mostly of those species which are 
common wherever there are human habitations in the Delta : AhtiUlon 
muticum^ Sida spinosa, Gorchoms tridens, Trianthema monogyna^ 
To peniandrat Vernonia cinerea, Eclipta erecta^ Datura fmtuo$(hi 
Chenopodium mtitale, Euphorbia hypericifolia, Gy penis rokmdus. Of 
cultivated plants wa mention: Zizyphus iujuba, Cassia fistula, 
Pithecolobium dtdce, Ficus religiosa, Bolamim Melojigena, 

5. Gholam lies about 12 miles East of Mirpur Sakro on the banks 
of the Bughar OanaL The soil consists of sand, in some places 
strongly impregnated with salt, Two miles North-East of Gholam 
there is a hill-range running from South to North for about 15 miles 
and consisting of lime-stone. We have examined only that part of it 
which is nearest to Gholam. 

(a) In the sandy soil on which Gholam is built and its 
neighbourhood we noticed the following: Maertia arenaria, Capparis 
decidua, Ochrademis haccatus, Portulaca quadrifida, Sida sphiosa* 
Ahutilon polyandrum, A. inuticum, Zygophyllimi simplex, Grotalaria 
juncea, Indigofera paucifolia,. Ammannia haccifera, Momordica 
charantia, Melothria maderaspatana, Kedrostis rostrata, Trianthema 
pentandra, Vernonia cinerascens, Pluchea tomentosa, Soiichus oleraceust 
Daemia extensa, Gressa cretica, Merremia aegyptia, Ipomcea eriocarpa, 
Lhmiophila gratioloides, A^naranPiis viridis, A. polygamies, EupfiorUa 
hypcricifolia, Phyllanihus Niruri (on bank of canalj, Cyperus Ilaspan, 
C, rotundus, Scirpus qiiinquefarius, Gymbopogon Jtoaranousa^ Digi-' 
taria sanguinalis, Echinochloa colona, E^ Crus-Oalli, E, stagnina^ 
Setaria mrtidllata, ^Aristida fvmculata, Desmosiachya cynosuroides 
Siapft Eleusine aegyptiaoa. 

Cultivated in sandy soil : Brassica nigra, B. oleracea. Hibiscus 
esoulentus, Gitrus aurantium, Gyamopsis psoralioides, Garica papaya. 
Vinca rosBa, Asclepias curassaviaa, Ipomcea batatas. Solarium 
Melongenai Capsicum annuum var-, Euphorbia heterophylla, Eicimts 
communis, Musa sapientum, Sorghim vulgare, Pennisetum typhoideum^ 

{b) The low limestone hills Bast of Gholam are very barren, 
though from a distance they appear to be covered with fairly dense 
jungle. There are numerous crippled shrubs and a few dwarf trees 
growing at considerable distances from each other : Gapparis decidua 
Commiphora muhul, Abutilon frtiiicosum, Gossypium Stocksii^ 
Grewia populifolia^ G, asiatica, GP foillosa, Gymnosporia montana, 
Zuyphus Totundifolia, Prosopis spioiger a. Mimosa hamata, Acacia 
Senegalj Periploca sp , Oxystelma esculcntmn, Daemia extensa, Sarcos* 
temma Stochsii, Bivea hypocrateriformis, Euphorbia caducifolia, As^ 
paragus gharoensis, A, dumosus, A, (IlL 10, 11, 12,13, 14:, 

^ 15, 16, 42). . 
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Of herbs and undershrabs we obsaryed the following: Oleome 
mscosai Cadaba indica, . Ochradenus hacoatus, Trihuliis terrestris, 
J^ygophylhm simplex^ Bhyncho&ia lamflora^ Ctmimis prophetarumt 
Corallocarpus epigae7is, Vernoniob cinerm, Inula gr.aniioides^ P'ulicaria 
angustifoliai Eohinops echinatus, Staiide StockBii, Heliotropium ophio- 
glossvmi H, calcar mm^ H. undtilakim, H. paniculatumy Tricliodesma 
mdicim vat* amplexicaidc. Convolvulus Botileriamis var^ tenellat 
iBuellia patula, E, prostrata var, dejecta, Barleria IlocMtetterii 
Fupalia lappaceat Belepohloa durg. 

Befeween Gholam and the lime-stone hills there is a stretch of 
land densely covered with salt-efflorescence. On it grow Stiaeda 
fruticosa m^ nudi flora, Salsola foetida. 

6. Tatta {24° 46’ N. Lat., 67° 59’ E. Long.) and its immediate 
. neighbourhood; of- about 7 miles radius can be divided into two 
distinct regions: An alluvial portion which consists of a narrow 
irregular tract, B. of Tatta and bordering on the Indus traversed by 
canals and with a lake near Tatta, and the Makli hills W. of Tatta 
which are an outcrop in an alluvial plain and consist of nummulitic 
limestone. These* hills rise to a height of SO-ldO ft. above sea level. 
The surface is either solid rock or a thin layer of nodular lumps of 
hard yellow limestone overlying the undisturbed rocks. The nor- 
thern half of the Makli hills is a huge cemetery, covered with tombs 
and mausoleums of considerable age. It is this part of the Makli 
hills which we examined in detail. 

{a) The alluvial plain between Tatta and the Indus consisting 
of sand and gravel: Tamarix Troupii,T. dioica, Cadaba indicat 
Ochradenus bacaatuSt Bergia odorata, Triam/etta pemtandra, Indigo- 
fera cordifoUa, I. ambaptista, Taverfiicra cuneifelia, Aeschynomenc 
aspora. Acacia arabica (111, No. 17), Anmumnia baccifera, Melothria 
maderaspatanat Vemonia oinorea, V. cmerascens, Blaindillea rkom^ 
boideat ■ Voliitarella divaricaia, Bicoma tomentosa, Simclius oleraccus, 
Launaca chondrilloidcs, Pentairopis cynanchoides, Damnia. extensa, 
Cordia Myxa, Iponioea aquatka, Physalis minima, Bonnaya veronicae- 
folia, Peplidmm humifusum, Tccomella undulata, Leucas urticaofolia, 
Aorua tomentosa, Nothosaerua brachiata, AUcfnanthera nodijlora, 
Suaeda frztticosa, S, midiflora, Salsola foeiida, Aristolochia bracieata, 
Phyllanthus Nirttri^ Ephedra foUat a, Vallismria spiralis, Za^iichellia 
, palustris, 2 species of- Naias, Cyperus alopecuroides, Q, rotundus, 
Fimhristylis ferrugineat EUpchar is atropur pur aa, Scirpus quin- 
qiiofarius, ' S. maritimus , , Saccharmn Qriffithii, Paspalidizm gemi- 
■naium. (ill. No. 21, 23, 29, 33, 34. 4C.) 

(/;) .Most species observed on the Makli Hills are of a distinct 
desert type : Cocculus penduhiSf Clcomc viscosa, Cadaba indica. Cap- 




No. 46. On the banks of the Indus at Baghar ; Tamarir dioica, Cyperua 
rotiindus, Oressa creticaf 
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paris decidtia, Sida greioioides^ Ahdilon miitmim, .i.friiticosmn, Grewia 
po2Mlifolia, G, villosa, Gorchorus tridens, Tribuhis terrestris, Erodium 
cicutarhinit ZizypJius rotmidifolia, Indigofera anahapiista, Tephrosia 
petrosa, Ehyjichosm minimcL var, laxiflora, Coccinia indiea, Gorallo- 
carpus cpigaeuSi Triantliema pentandra, Vernonia cinerascens^ Phicliea' 
tomentosa, P. lanceolata^ Inula grantioides^ Pulicaria angustifolia, 
StaticB StocJcsii, Periploca aphylla, Daemia extejisa, Bnicostemma 
littorale, H eliotr opium ophioglossnm, ovalifolium, H, undulatum, 
H, rarifiorum, Trichodesma indicum var. amplcxkaiile, Go7ivolvuluB 
Bottlerianus var. tenella, C. microphyllm, C. rhyncospermus, Linaria 
rammissima, Schivemfurthia sphaerooarpa, Lindenhergia abyssinica, 
Lyciim harbarum, BlcpJiaris sindica, Btiellia patula^ Barleria acan* 
iJioides, Salvia aegyptiaca, Haloxylon recurvim, Salsola foetida, 
Euphorbia caducifolia, E. granulata, E. Glarheana, Andrachne aspera^ 
i, sp., Ephedra foliata^ Asparagu,s gharoensis^ A. deltae, Gommelina 
albescens, Cyperus stohnifertis, Dichanthium anuulatum, Digitaria 
pemiata, Eriochloa ramosa, Pennisetim cenchroides, Cenchrus hidor- 
us, Sporoholus arabicus, Aristida adscencionis, A. fnniculata, Tragus 
racemosus, Eragrostis ciliaris, Ghloris harbata, Eleusvie aegyptiaca* 
(111. Nos. 22, 27, 30, 31, 32, 41, 43. 44, 45.) 

(c) Cultivated : Idoringa pterygosperma, Lathyrus sativus, 
Qidsqualis indica, Gasuarina eqimatifolia, Mtisa sapient um, Saccharnm 
ofjlcinanm. 

7. Kullan Kota Lake, a little more than 3 miles South-West of 
Tatta. It is about 2 miles in diameter and surrounded on three sides 
by low limestone hills. We had only time to examine the rocky banks 
and a few spots where, at the mouths of some nalas, fine’ sediment had 
been deposited. 

{a) On the rocky banks: Gynandropsis pentaphylla, Sida 
gretoioides, Abutilon muticum, A- fruiicosim, Senra incana^ Grewia 
populifolia, Trnmfetta rotundifolia, Zygophyllum simplex, Commi- 
phora Miikul, BkynGhosia minima var.laxiflora, Vernonia cinerascens, 
Pentatropis cynanchoides, G or dia Eoihii^ Heliotr opium paniculatum, 
Solanum alhicaule, Tecomella undulata, Blepharis sindica, Euellia 
patula, Barleria Prionitis, Jiisticia hetcrooarpa, Leuoas urticaefolia, 
Euphorbia caducifolia, Dichanthium annulatum^ Digitaria pennata, 
Eriochloa ramosa, Pennisetum c enchr aides, Arist Ida adscencionis, 
Diplachne fusca, (111. Nos. 25, 26.) 

{b) On sediment: PortulaG:ipleracea, P,q(.adrifida, Gorchorus 
antichorus, C. tride^is, Indigofera cordifolia, L anabaptista, Trianthema 
pentandra, Vernonia cinerea, Launaea nudicaulis, Cressa cretica, 
Clerodendron Phlomidis, Amarantus polygamns, Suacda monoica^ 
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Haloxylon recxirmm, Salsola foetida, PhyllantJms Nirurit Oyperus 
alopecuroides, G, rot und7is\ PJirag mites karha^ Panictm. (III. No, 24.) 

8. Banks of Indus (IlL No. 18, 19, 35, 36) : All along the Indus^ 
almost right down to its mouth there are vast forests of Tamarix 
dioica, T* Troupiii T. artiGulata, Acacia arabioa^ A. Farnesiana, 
Populiis euphratica, Prosopis spicigera. Pure or almost pure form- 
ations of Tamarix dloica or T. Troupii are very common. Generally 
they are so dense that it is almost impossible to cross them, quite 
apart from the obstacle offered by the clay or sandy clay in which 
they grow. As pointed out' above new alluvium is deposited by the 
Indus every year, covering a belt along the river several hundred 
meters broad and reaching even miles in certain places. The alluvium 
is being submerged at the time of inundation and new deposits are 
added at the same time. As soon as the alluvium rises above the 
surface of the water, seeds begin to germinate in great 

numbers. The growth is so dense that, seen from the boat, it can 
easily be mistaken for a meadow or a wheat-field in its earliest stage. 
The Tamarix is often mixed with Bacclianm spontaneim or 
S. Eavennae which, however, are killed out by the growing Tamarix, 
But it also happens that the Saccharum survives in pure formations 
offering a beautiful sight at the time of flowering. In consequence of 
the annual floods the land continues rising and ere long the Tamarix 
partially disappears giving place to Popiihis euphratica -md Acacia 
arabica or A, Farnesmm^ or both. (IlL Nos. 37, 38). As the land rises 
still more it is not affected by annual floods, but is subject only to 
abnormal inundations. It is at this time that Prosopis spicigera takes 
possession of the ground, though not exclusively. It is not easy to kill 
the Tamarix and we find an undergrowth of it far inland, even in places 
where, on account of the dryness of the soil, Gapparis aphylla makes 
its appearance. The soil has a great influence on the development 
of Tamarix Troiipii, clay or pure sand produces a stunted 

plant, but good alluvial loam with an adequate water-content deve- 
lops the plant into a small tree. 

It is interesting to note that on the whole Tamarix dioica shows 
a predilection for higher elevations impregnated with salt, which are 
rarely or never affected by floods. 

Tamarix articulata is the common species in the Delta, 
It is usually found far away from the Indus* associated Salvador a 

oleoideSy Gapparis decidua and often with Prosopis spicigera. Loam, 
but also stiff clay and sand, are its favourite habitats. Saline soils 
are not despised as long as surface irrigation is provided, but it will 
not grow on soil which is heavily impregnated with salts. 

The Babul forests, whether on the banks of the Indus or several 
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miles away from the river, contain occasionally other species, some 
of which have been introduced; Gordia Eothii, 0. Myxa, Ficus 
bengalensiSt AmdiracMa indicay ^uyphtis Jujuha, Albizzia Lehbeht 
Parhinsonia miilM Tamarindus indica, Acacia Farnesiana^ 

In many places along the Indus there are vast areas covered with 
pure formations of elephantina ox Saccharum spontmeum or 

8. Eawinae, (IlL No. 48). 

Not far from the coast extensive mudbanks can be seen covered 
with Or ijza coarctata, an excellent mud and sand-binding plant* The 
plants we saw in October were flowering and fruiting though they 
had not reached more than 5-8 cm. in height. (111. No. 20.) 

9. Keti Bandar (24° 8’ N. Lat., 67° 30' E. Long.) rose at the 
time of our visit only about 30 cm. above the water-level. As far as 
the eye can sea there are only silt-banks and water, with here and 
there a tree or scanty herbs. We observed the following species: 
Tamarix Trotipii, Thespesia popiilnea, Ipomma aquatica^ Peplidium 
humiftmmt Tecomella undidatat Phyllanthos dtsticlius^ Gogob micifem^ 
Phoenix daotylifera, Pandamis tectorius, Gyperus tegetum, Echinoeh- 
loa Gnis^Oallit Phragmites karkat Orym coaritata, (111. Nos. 40, 47, 
49, 50.) 

The land near the Hajamro river is one extensive swamp, reach- 
ing about 5 miles up the river, with a thin covering of a species of 
coarse spiny grass (Aehiropns viUosn,s 7) mixed with rushes. Above 
this swamp low mangrove-bushes begin to grow and cultivation can 
be observed. The mangrove jungles which are common not only in 
this place but all along the coast from the Khori Greek right up to 
Karachi wherever there is a creek or the mouth of a river, but always 
some distance inland, consist of the following species: AegiGeras 
mctjiLSf Ehizophora mucronata, E. coning at a, Geriops Gandolleana, 
G, Eoxburghiana, Brnguiera g^mnorhim, Sonmmtia a cida, Avicennia 
officinalis. Our material is not sufficient to enable us to make any 
definite statement as to the exact distribution of the single species. 
In the same area, but not in the same habitats we noticed the follow- 
ing plants : Scaenola fruiGscens, S. PlimierU, Arthrocnemim indiomz, 
Suaeda fr iiticosa^ S, mzdiflora. 

For an account of the cultivated plants see : G. E. Ambekar, the 
Crops of Sind: Their Geography and Statistics. Bull. 150, Dept. 
Agric. Bombay, 1928. 

{To he contimied,) 
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Presidential Address delivered before 
the Annual Meeting of the Indian Botanical Society 
at Calcutta, January, 1928. 

MYRMECOSYMBIOSIS IN THE INDO^MALAYAN 

FLORA 

BY 

B, Blatter, S.J., Ph,D,, B. L. S. 

Ladies and Gentlemen, 

In 1886 B. Delpino estimated the number of ‘ myrmacophilous * 
plants at 3,904 species distributed over 273 genera. A rich and varied 
literature has, in the meantime, dealt with the relations between ants 
and plants observed in the temperate regions, but quite especially in 
the tropics of both hemispheres. It is an interesting subject, and 
once the attention of biologists was directed to it, men were not 
wanting who looked for special adaptations in a plant wherever an ant 
was found associated with it in some way or other. Detailed obser- 
vations were often defective, sometimes entirely absent, but this 
circumstance only gave more room to imagination and wild specula- 
tion without solid foundation. We- have seen the same mental process 
in many other domains of biology. And the results were the same : 
A small number of well observed facts and a great number of prema- 
ture conclusions, an endless string of hypothetical premises and finally- 
a self-confident positive assertion which is in no way contained in the 
premises. 

I wish to put before you the material that is at our disposal 
regarding the myrmecopbytes of the Indo- Malayan flora. It is clear 
that we cannot deal with every case that has been mentioned by 
various writers. But, in order to be quite fair in every respect I wish 
to mention those instances from which the chief and best arguments 
in favour of myrmecosymbiosis have been derived. 

I have adopted the name myrmecophytes in preference to the 
older expression myrmecophilous plants. In this I am only following 
Warming. He has rightly pointed out that myrmecophily is a term 
not very well chosen, because it already includes a hypothesis to the 
effect that the plants have a certain biological interest in being visited 
by ants, in the same way as we speak of xerophilous plants because 
they show a predilection for dry habitats. Myrmecophyte is a more 
general term and can be tmnslated with * ant-plant,* signifying any 
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plant that has some definite relation to ants. As myrmocosymbiotic 
plants we can consider all those species which in some way or other 
exhibit hereditary anatomical or morphological characters. 

We shall treat only of those instances which may be real cases 
of myrmecosymbiosis or have been considered as such. The final 
question will be whether true myrmecosymbiosis has been observed 
in the Indo-Malayan vegetation. Instead of adducing all the facts 
first and then discussing their meaning, we shall take fact 
after fact and try to explain each one independently. You will 
agree with me that no accumulation of unconvincing single facts can 
lead to a convincing conclusion. 

Baccari has figured and described a great number of plants from 
the Malay Archipelago which are inhabited by numerous ants.” 
Special structures and organizations in the plants were interpreted 
as adaptions to symbiotic life, without, however, giving satisfactory 
proofs. GUrodendron fisttdosumt Bqqo., of Borneo, like Clerodendron 
myrmeGophilum of Malacca have branches with hollow internodial 
chambers which are largely inhabited by ants. At the upper end of 
the internodes below the leaves there are two layers of tissue 
composed of thimwalled parenchyma. These layers offer little 
resistance to ants trying to pierce them and as a matter of fact, it is 
here that ants always force their entrance into the hollow chambers. 
It is true that ants find protection in the hollows of the branches, 
but in what way the plant benefits by their presence has not been 
stated. Special food-bodies have not been noted in C, fisiulosim^ but 
the lower surface of the opposite leaves of this shrub is covered with 
numerous nectaries. 

In the Malay Peninsula, Sumatra, Java and Borneo there is a 
tree reaching over 10 m. in height, triloba,, Muell. 

(Euphorbiaceae, figured in Wight Ic.t. 1949, fig. 5 F achy stem on 
irilohus^ Bi.). It shows peculiar bodies which resemble those of 
Mueller observed in Gecropia ad enopus, Moixt. of tropical America. 
Here, too, we find hollow internodes frequented by large numbers of 
ants. The leaf-buds aro surrounded by scales which bend back and 
downwards after the opening of the buds. As these scales are pressed 
to the branches a kind of gallery is formed in this place all round the 
branch. On the lower surface of those scales inside the gallery, 
there appear small white bodies which are eaten by the ants inhabit- 
ing the galleries. Ridley considers this to be a typical case of 
myrmecosymbiosis, but does not say anything about the advantages 
derived by the plant from the presence of the ants. In all proba- 
bility these bodies, like those of Mueller, belong to a group of glandular 
excrescences which aro also found elsewhere. It is well known that 


178 THE JOERHAL OE THE INDIAN BOTANICAL SOCIETY, 

many Ampelidaceae Leea, Vitis^ Am'pelopsi^^ ^o^m^^ simil£ir white 
bodies on their petioles, young shoots, and nerves on the lower surface of 
their leaves. They are called pearl- glands and are specially well devel- 
oped even on the older bramches and leaves of VUis liederaceayWath, 
But all these plants have never been noted to be frequented by ants. 
Eaciborski who watched winding species of in the Botanic 

Garden of Buitenzorg did not observe that those glands were eaten by 
ants under normal conditions. Only when he brought the ants in 
contact with the glands the latter were devoured within a short time. 
These species of Gmtim develop the pearl-glands only on the long wind- 
ing shoots, and not on the short assimilating branches. Arising usu- 
ally after rain or during the night they are very caducous and shrivel 
up very soon. Their diameter is about 0.5 mm. and they contain starch 
in the beginning which, however, soon disappears. Similar glands have 
been observed in a. species of Fterosporinzmi common in Java. On 
the petioles of the distichously arranged leaves there are two kinds of 
stipules ; one is awl-shaped, caducous and directed upwards, the other 
has the shape of a small bell, directed downwards. The inner wall of 
this bell is covered with a felt of hairs which are mixed with numerous 
small glands about 0.3 mm. in diameter. These contain considerable 
quantities of fat, albumen and polysaccharides. A kind of black ant 
inhabits these bells and feeds on the glands. Though the glands are 
seen only on the youngest leaves, the ants are found all over the tree. 
Thera is no doubt that ants are fond of those glands. But this does 
not prove that the glands were destined for the ants from the beginn- 
ing. There are many plants producing glands rich in food-stuffs 
(many Vitaceae, Piperaceae, Momceao, Melastomaoeae, UrUcaceae, 
Gnetaoeae), but are we justified in calling them myrmecosymbionts ? 
It is true that we have not yet uoderstood the significance of those 
pearl-glands, that we do not know what part they play in the meta- 
bolism of the plant. But this ignorance cannot induce us, without 
further evidence, to state that they were produced by the plant in 
order to attract anfes. It is also true that .by the production and sub- 
sequent loss of the glands the plant loses a not inconsiderable amount 
of material valuable to the plant and all this apparently without 
gaining by it in any way. The mere fact that we are unable to give a 
satisfactory explanation does not justify us to draw a conclusion for 
which we have no other evidence except the fact that in many cases 
ants are associated with those bodies. It is quite possible that those 
‘ food-bodies * have been present for ages and that the ants only in 
course of time discovered this welcome source of food. 

Many other so-call^ ‘ myirmecophilous " plants cannot be con- 
sidered as such, even if wq^ake the word in its wider sense. We take 
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only a few of tilie more striking instanees: ** A peculiar cliaracter of 
KarlhaUiar says BeGcari, “ is the great deyelopment of the appen-r 
dage at the mouth of the leaf-sheaths (the ochrea) which at times is 
transformed into a swolien and entirely closed ant- harbouring organ 
or nidus, of a constant form for every species (E, scaphigera^ scaphi* 
geroides, eGlimometrat horrida, Gheh^ angustifolia^ SGortechmii, 
furcata)^ In K. rohusta mi E» macro carp a, the ochreae do not form 
an entirely closed dwelling for ants, but take the shape of large cornets 
embracing the base of the sheaths immediately above them, and at 
times attaining the extraordinary length of 30 to 40 cm, In most 
species, however, the ochreae are cylindrical, closely sheathing, and 
often partially disintegrated into a fibrous net. The form and peculiari- 
ties of the ochrea afford often the best characters by which to distin- 
guish the species, even if flowers and fruits be wanting. The nature, 
origin, and function of the ant- harbouring organs, not only in Kor- 
thaUia^ but in numerous myrmecophiious plants, and most of all, in 
Mgrmecodia mi Eydnophy turn, hOiVQ been much discussed: with 
regard to this subject I retain my old opinion that such organs are 
now hereditary, but that they owed their origin to the effects of the 
stimulus exerted by ants on certain organs of the plants, of which 
tissues were capable of a reactive power during the remote period of 
the plasmation epoch, when heredity bad not yet acquired its actual 
conservative powder. ” 

With regard to Korihalsia Eidley has pointed out that its species 
are not always inhabited by ants. The same objection applies to 
Dischidia Bafflesiana, a liana growing from Tenasserim to 

Malacca and very common in the Malay Archipelago, which develops 
peculiar tube-like leaves which gather water and detritus to be taken 
up by the plant by its adventitious roots. There are no Ant-acacias in 
the Indo-Malayan fiiora, but Eidley observed in the Botanic Garden of 
Singapore how an indigenous ant took possession of an Acacia spadici- 
gera, Cham, and Schlecht., a species introduced from Jamaica, quite in 
the same way as other species of ants do it in America. Schimper 
claimed the hollow branches of Fimts inmqualis as dwellings of ants, but 
since then they have been recognized as pathological formations, Schu- 
mann and Schimper counted amongst the * myrmecophiious ’ plants, 
Humboldtia laurifolia^ Yabl, indigenous in Malabar and Ceylon, but 
Escherich who observed the plant in Ceylon was not able to notice 
any more intimate relations between ant and plant. We find in 
Humboldtia the internodes of the branchlats conspicuously swollen 
and hollow inside. The opening to the hollows does not arise sponta- 
neously, but the enclosing wall has to be perforated by the ants. In 
addition the ants are perfectly harmless and cannot, therefore, serve 
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the plant as protecfeors. But what is more, instead of being useful to 
the plant the ants do it considerable harm by attracting wood-peckers 
which wound the branches, and also by rearing plant-lice. 

yWe mentioned above Myrmecodia md Sydnophytum, Both 
are epiphytic shrubs belonging to the family Buhiacm. Myrme* 
codia iuberoscot Blume, is at home in the Malay Archipelago and 
Hydnophyttm montanum^ Blume, has been found in the South 
Andaman Islands, Malay 'Peninsula and Archipelago, They grow in 
the upper regions of the dense crowns of trees, e. g. of Diirio ziheihi- 
miSt Murr. and Artocarpus integrifoUa, Linn. f. Both are distinguish- 
ed by a large tuber arising from the hypocotyl, often reaching in 
Myrmecodia 75'cm. in diameter, and 30 cm. in Hydnophytum. Laby- 
rinthic hollows make up the interior of the tubers. The walls of the 
labyrinth are of two kinds : One part is smooth, light-brown, the other 
blackish and covered with small warts. According to Miehe the ants 
{Iridiomyrex) deposit their pupae only in the smooth chambers, whilst 
the excrements are secreted on the warty walls. On the Tatter there 
grow fungi belonging to the genera Cladosporitim and Gladotrichim. 

Kumphius (Herbarium amboinense, 1750) thought those tubers 
were zoophytes, imagining that the ants worked the branches into a 
nest from which those tubers emerged. Beccari considered them as a 
definite proof in favour of his hypothesis. He was of opinion that the 
tubers as well as the internal labyrinth were due to the activity of 
the ants. Treub was the first to show that the galleries of the tubers 
develop even without the help of ants, and that the ants are perfectly 
useless for the growth of the plant and even for the ripening of the 
fruit. The same writer considered the warts on the walls of the 
chambers to be lenticels and, consequently, for him the labyrinth was 
only a system of aeration for the benefit of the plant. But here Treub 
found his opponents. Goebel speaks of the tuber as of a water-reser- 
voir and Karsten calls the warts organs of absorption, and Eettig 
takes the galleries for isolators which are meant to protect the tubers 
against over-heating, considering that they grow high up in the trees. 
Miehe, relying to some extent on experimental investigations came to 
the conclusion that the warts are organs of absorption, which take up 
the water held back in the galleries by capillary action and absorb, at 
the same time, the nitrogenous substances derived from the excre- 
ments of the ants and dissolved in the water. We could, therefore, 
say with some confidence that the ants by depositing their excrements 
in the galleries are a distinct help in the manuring of the plant. In spite 
of all this the fact remains that even in these famous myrmecophytes 
there are no special organizations which could be interpreted as original 
adaptations to visiting ants. 
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Whefelier the ants in this case cau some protection to the 
plants is, of course, not decided, but it does not seem to be likely if we 
consider the harmlessness of the ants in question. 

We have stiir^^t say a word regarding another class of so-called 
myrmecophilous plants yis, the numerous species with extra-fioral 
nectaries which are so common all over our region. Nectaries are 
glands of various structure which occur either in the flowers or 
outside the flowers on different parts of the plant-body. The former 
are called floral, the latter extra-floral nectaries. The former are 
rightly considered as special adaptations which favour insect-visits# 
Footing on the accepted theory of the relations between honey- 
seeking insects and the plant thus securing cross-fertilization, 
the temptation was strong to look for similar relations between 
^nts and extra-floral nectaries. The ants are said to drink the 
nectar of the glands and, getting used to the plant, to form a 
kind of army defending the plant against its numerous enemies. This 
view gave an apparently satisfactory explanation of the function of 
extra-floral nectaries. There are a number of circumstances which 
speak in favour of that opinion : The plant is in need of protection 
from the attacks of caterpillars and beetles and other insects, the 
extra-floral nectaries on the young parts of the plants are well» 
adapted to attract the ants to those organs which more than others 
require special protection, and finally the fact that those extra-floral 
nectaries are more common in tropical countries where ants play a 
more important part than in other countries. Further, the fact 
cannot be denied that innumerable cases have been observed where 
ants frequent those glands. But here again the same question arises : 
In what way do the plants benefit by the presence of ants? 
Nieuwenhuis von TJexkull-GuIdeinbandt working on the rich material 
in the Botanic Garden of Buitenzorg has tried to elucidate this point. 
Her conclusions go distinctly against symbiotic conditions. Bees, 
bumblebees and wasps are not prevented by ants from boring holes 
into the flowers. Caterpillars, beetles, bugs and larvae of various 
kinds are not only not expelled by ants, but the latter are attacked 
by them. Many cases have been observed where other insects drink 
the nectar from the same cup together with the ants. It is, there- 
fore, very doubtful whether plants with extra-floral nectaries suffer 
less from harmful insects than others which are devoid of glands. 
On the contrary, in many cases the presence of ants turns out to be 
fatal to the plant on account of the numerous plant-lice nursed by 
the ants. In addition, observations are not wanting where ants have 
eaten the nectaries and damaged the leaves and, finally, a number of 
harmful insects are atbracted by the same, nectaries. Another fact 
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abould ndt ba overlooked vis,, that very oftieia there are no nectaries 
on the young parts of the plant where they would be moat neededj 
whilst they develop freely on older organs. 

I have given the more important cases of ‘ myrmecophily Mn 
the Indo-Malayan region. Have we seen one true case of myrmeco- 
symbiosis ? The answer depends on whether two points are verified 
in any particular instance: First, the plant has to derive a distinct 
advantage from the presence of the ants, and the ants must be in a 
position to offer an advantage. Secondly, the plant must exhibit 
structures which can only be interpreted as adaptations to ant-visits. 

As to the first point there are very few cases in which ants seem 
to be of some probable advantage to the plant. Most ants cannot 
protect the plants against enemies, because they are not carnivorous. 
This applies especially to the harmless forms which drink' the nectar. 
As regards the second point we have no proof whatever. Cavities 
are a common occurrence in plants. The hollow internodes generally 
find a sufficient explanation in the mechanical architectonic principles 
pn which the respective plant is built. The tubers of Myrmecoclia and 
Bydnophytum have been discussed before. In most cases we must 
assume that the ants utilise all those structures in the same way as 
they make use of any bole they may find on their rambles. It is well 
known to every obseryer how quickly ants adapt themselves in tropi- 
cal countries to any condition, which was absolutely unknown to them 
before. The botanist who sees an apparent symbiosis between ants 
and plant for the first time is only too easily tempted to find the initi- 
ative for that adaptation in the plant instead of in the ant. It is also 
very likely that insufficient knowledge of the habits of the various 
ants is responsible for many mistakes made in such observations. 

I put in the beginning the question whether true myrmecosym- 
biosis has been observed in the Indo-Malayan vegetation. After what 
I have explained I am afraid I have to answer in the negative. I do 
not wish to say that myrmecosymbiosis does not exist in Indo-Malaya, 
but I find it impossible to admit that it has been proved to evidence 
in any particular ease. It is always sad to give up an idea one has 
cherished for a long time, especially if that idea has been put into the 
world by able men and if it has been supported by enthusiastic 
workers during generations. We live in a time when every field of 
botanical science is ploughed by a greater number of men than was 
the case even 50 years ago, and many more have nowadays an oppor- 
tunity of examining things and testing facts on the spot, instead of 
speculating on dry herbarium specimens and trying to harmonize a 
variety of reports brought home by travellers sometimes little qualified 
for accurate observalloli^f. ^ 
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It is, therefore, to be expected that deeper knowledge and more 
careful observations will correct .many wrong notions which have 
crept into plant-biology in course of time. IVe all have to fight 
against the tendency of premature generalisations. We are never 
satisfied with the mere statement of factsvwa all want to explain and 
combine facts in order to draw conclusions. It is a happy craving of 
Qur mental faculties, but also a dangerous one and leading to error if 
not every link in the chain of our argumentation represents a well- 
ascertained and unimpeachable fact. 
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